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"ARTILLERY • -;aFf"Y A-1D .:I1r.-G MEYICE

1. Backgroud. Statement of the Prcblem

The •bJective of the program was to design and develop

a safety and ar=ing device for general artillery use incor-

porating dashpot functions to delay arning and self-

destruction. The concept involvee uve replacement of the

Sear driven runa•iay escapement of the current :!MA1 booster

(Ordnance Partn no. 8505541) with a sirpler zechanis=

utilizing a Sharp Edge Orifice Oashpot (SEP-) for arming

delay and a Liquid Anrdlar Orifice Oashpot (LAOW) for self-

destruct to 'clean up' d&d rounds.

The work uas to be based upon Creed Corporation's un-

solicited proposal dated iýay 23, 1969, Artillery Booster

Assebly' and AMB2D-DA.. , 5ranch 420, of Harry Dicoond

Laboratories' Technical Evaluation of Ereed's proposal dated

_urne 27, 1969, as incorpo-ated into the Stateent of Uork

DA•r-39-70-R-.347 of j•anuary "9, 1972.

In addition, the oro;ra= sc-.;Jt a solution for QRi

Prcble• I;o. 72, "icih Perfor-ance Artiller- and Zorl>r Foint

Detonating Fu:es' uic:Zi requires a substantial reduction of

overall dads withcut affectirq safety I-vels, increasea

,ar-nfactura5ili.ty to elin-iate h•'zn error, and, if possible.

also reduce costs.
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2. Description of Operation

The artillery safety and arming device (Breed Drawing

No. 508970) t-hen attached to a fuze and fired from an artillery

gun or hcuntzer re=ains out-of-line for at least 70 meters

after leaving the barrel of the gun.

The setback is recorded on a SiIREAFLO( and uoon experiencing

a proper setback acceleration, the SIEA•rFLOD piston begins coving

dc-Ttward in its cylinder with its =ction being opposed by a bias

force from the RZ-EJFLOD spring and a viscous shearing force re-

sultirng fron the relative =otion of the SF&-J.FLOO pin and its

cylinder. Once the spirning projectile exits fma the guzzle,

the two slider detent pins begin coving outxard against their

respective slider detent springs due to centrifugal ecceleration.

Thus, under a zroper firing envirorent., the three- detents are

rezoved fro locking the slider vieight asse=bly %+i&. is Y--.4

free to movye radially ouward also due to centrifugal acceleration.

After a short cotion, the slider weight assezbly i=cacts on tni

timing pin which punctures a foil seal in the SEO- assezbly and

bears on the SE&2 piston. This creates a pressure in the five

centistoke silicone fluid which prevents further =otion of

the SE03 piston asseably c-xceot at the rate determined by

the flw of the fluid tnrough the sharJ ai-le orifice in the

SEOU piston. The- flot rate of the fluid through the hole

thus deter.=ines t,.e tice it :akes for the slider Leight asse:bly
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to r•ove to its outermost radial vosition.

When the slider weight assembly reaches its outermost

radial position, three detonators become aligned with three

lead cup assecblies. !he fuze is r-.• armed and can be initiated

in one of two codes. Any standard artillery fuze placed above

th2 artillery S . A booster asse i-yhich can currently be used

with the standard M;125 can be used with this S & A. The ex-

plosive output of such fuzes is sufficient to ignite the R55

detonator. This detonator in turn will ignite both modified

] ,-76-E3, 50 millisecond delay detonators and in turn ignite

all three lead cur assecblies uhich carry the explosion to the

rain explosive charge. In addition, any new fuze having

nothing more than a firing pin positioned above the aligned

155 detonator can be used to initiate the round. If the pricary

fuze fails or if in the second exarple the firing pin is re-

moved or locked out, impact of the projectile with a target

causes both modified I1-76-E3, 50 millisecond delay detenaeors

to rove forward against firing pins in the covcr resulting in

initiation of the rain charge redundantly in tVe delay mcde.

'The SHL.•ArLO3 setback pin differs froQ convcntinnol soring

mass setback pins in that it requires an acceleration of abive

a =ini- rea-!nitude and also lasting for a significant duration.

Thus, the setback Oin will accurately differentiate bebteen 20

foot dm-, and a ninir- g ortar firing, for exacole, signili-

3
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cantly increasing the drmp safety of the round.

The design in addition contains 5;ree redundant explosive

trains uatich greatly increase the reliability of the pro-

jectile expodino in the suDerquick and delay codes and signi-

ficantly reduces the incidence of duds.

E-,er. part in tht S S A hs been designed for production

on high volue mss production =achines. Iost parts are

starped, draun or extruded with a minicum of parts requiring

zetal cutting. in addition, all of the nor-explosive parts

are mae fron alunir,---- or steel, thus eliirnating the need

for critical caterials such as co;per and brass.

3. Theory

3.1 General SEOD

T tiner .r integrator used in this artillery S & A is

based on the SEOt, or Sharp Edge Orifice -"-shpot, techrology.

e simplest ebdirent of the SEOD consists of a piston having

a sharp edge .ýifice traveling in a cylinder in such a canner

that thr predWn.iant fluid flcw occurs thr-ugh the sharp edge

orif'Ci x.t5 "I' flw in a clearance betteen the Diston and

cylii-a-&r •-;,•,• negligible. In addition, flod in the orifice

rust be at sufficiently large .•enolds nrbers so that viscous

effects in the orifice can be neglected. In all cases th:

4
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resistance to the rotion of the piston arises from the inertial

flow of the fluid through the orifice and the dynamics of the

piston can be neglected.

Bernolli's equation for this case becomes si=ply:
Sp V2

- (3.1.1)

Therefore,

a.0

and,

Q = K Kv L3 (3.1.2)
" 0

Also.

X=A A
giving

t LA ToA (3.1.3)

t =tine delay (sec.)

L = length cf pistern travel (in.)

A = area of piston cross section jin2 )

B = area of orifice (in2 )

= lbs. sec
2

i • = dezsity -'-:--. --•

in
K = experi=ental orifice constant (aoproxinately .7)

F = force (lbs.)

V = velocity of fluid in orifice (s-I)
sec

i = velocity of piston (2-)sec

Q = volt:e flcI .ate (in3 /sec)

P = press'.' drop across orifice

................ m



The ti e delay as expressed by equation (3.1.3) is not

dependent on the viscosity of the fluid and thus accuracy

should be relatively indeo-endent of temeraLire. P.owever,

for equation (3.1.3) to be accurate, the flow through the

clearance rust be negligible over the entire ter-erature

range of operation. In 3ddition, viscous effects ii, the

orifice cwst be negligible which irmlies that the Reynoids

number rmst be significantly greater than 1 and that the ratio

of the length to dialeter of the orifice should be scall.

The flc;c through the clearance between the piston and

cylinder can be approxicated by a flow througgh a rectar-ular

slit since h<«R. For a liquid uner the conditions here the

flwo can be conside.-ed steadly state and incoupressible. For

the case dhere the piston and cylinder axes are par;llel, as

will be asstred here, the flow is one dinentional. For these

assu=ptions the equations of motion reduce to:

S -- (3.1.4)

Integrating equation (3.1.z) twice yields:

dP y2
0 Y (3.1-4)•Y -- 2 * C1 Y ÷- C2(..4

Asst;ning no slip at the walls and that the velocity of

the piston can be nealected with respect to ;id-stream

fluid velocity

VX= 0 at Y =0, h
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Khtich yields:
C2 = 0

Thus,

-= I dP (Y2 _ hY) (3.1.6)

whict is the faniliar parabolic velocity profile.

The total flo of fluid can noi easily be found by

integrating: h h

Q= J2-RvOdY =-7'L (y2-hY)
0 0

Thus,

Q = u dX (3.1.7)

and since the pressure gradient is constant providirng the

piston and cylinder axes are parallel and the clearance is

constant, equation (3.1.7) beco;es:

0==P'h•"P2-P!)

" 6= 6-1 (3.1.8)

The pressure drop can be related to the force applied

to the piston,

F = (P2 - Pl)=R"

Also, assuming negligible piston acceleration, the velocity

of the piston c-a. be related to the voluze flod rate,

-,R2L
7= "-



t•,,

Substitut',ng these equatiors into 3.1.8 and rearranging,

yields

t = 6--RLL (3.1.9)

When the piston is resting against the side of the cylinder

the local clearance can be related to the mean radial clearance

by the relation

h = H(1-c-se)

where secord order terms have been neglected.

Substituti N this into(3.1.9)and integrating fro• = 0

to 2: yields

t = 6 (3.1.10)

Where:

v= viscosity

R = piston radius

L = length. of piston travel

L' = length of piston

h = clearance

F = force applied to piston

e = angular coordinate around piston

Q = fiott rate through clearance

= fluid velocity in X direction

X = cnordin3te axis parallel to direction of "otion

0



Y = coordinate axis peroerdicular to oiston and

cylinder walls

P2 = pressure inside cylinder

PI = atm-osnhere pressure

H = mean radial ctearance

For the flow in the clearance to be negligible,

therefore, the ratio of the tire delay due to flo through

the clearance to the tire delay for flcu through the orifice

must be large. Tnerefore, dividing equation(3.1.LL by

equation (3.1.31 yields:

'c K'=L'B

Where:

K. = 6K (-2- 1.34

2. 5

tc = tire for travel if all fluid traveled through

the clearance (sec.)

to= tire for travel if all fluid traveled through

the orifice (sec.)

= viscosity (lb.sec/in
2 )

L' = length of Diston (in.)

P = density -b-sec-
2

in
3 = area of orifice (in

2 )

F = applied force (lbs)

9
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The second condition that viscous effects should be

regligible for the flao through the orifice, requires that tVe

Reynolds raz-ber sheuld be .-Ldh gteater than one. Thus;

R Ld> Ide

Where:

Y = fluid velocity (in/sec)

= kineatic viscosity (in2/sec)

d = diaeter or orifice

The fluid velocity can ble evaluated from the flo• wQ)

through the orifice for stfeed state flo:

SV 
q = "

:4 Qr=

P to

•_; ]Therefore;

SRe ~~= 4_P1 .1 11

These equations have been progra=ed in a slightly

different fora to pernit a rnu-ericai integration of the

- eicht travel since the force on the piston varies as the

weight coves to a larzer distance frov the spin axis. Some

representative results are shom in Tables 3.1 to 3.6.

• _• •10



Cost=n 1 in the tables renr~sents the anru,jlar velocito

of the projectile. Column 2 is the time required for the

we9'sLt to travel fron a radius of .^5 inch to .325 inch.

This is calculated by ,-=ericalay integrating the piston

velccity over tim where the piston velocity is the s"m of

the velocity due to flwc thrcmgh the clearance arnd the flov

through the hole. Col=-n 3 is the leak ratio which is the

ratio of the total flcu throuch the clearance to the total

flow throuch the orifice. Colmn 4 is the Reyr-ols n•eer

calculated according to eq-ation (3.1.1I)ith the travel

due to the f1i throu-;h the orifice substiltted for L.

The results in Tables 3.1 throu'h 3.6 shot the soin

rate,ti-, leak ratio, P.ey.-lds r-mber and turns to ar= fcr 4

fluids of 1 c-atistoks, 5 centistoke, and 50 centistoke viscesity.

For Each viscosity runs are cade at 165 0 F and at -65 F. Looking

at Table 3.1 and 3.2 ior the 1 cs oil, the turns to ame ratio

stays Tecarkebly corstant at -65°, however, varies considerabiy

at !E-•F. For 5 centistoke fluid, houever, the variation is

-uch iess rot only as a functiwn of spin but also as a function

of t::erature. Sinilarly with 50 centistoke fluid, good

results are also eta.-ed exce2t for the 'act that at _A-o the

R.eynolds -- ,,r gets :uite lcx, rich casts doubt on the

assuation of ir.ertial flo throwch the orifice. Since little

accuracy is cainrd sy ooinq fro• 5 to 50 centisto-ke fluid, 5

"centist.-ke fluid •as chosen for tIhis application.

, II



TABI E 3.1

ARTILIARY STO'n PRfr2RA'¶ - 1/26/7e
REVISEED - 12/14/71

FLUID 1S I CEr-TIST-3KT- Si'1.OICOr
FLI'Ir) VISECC'M z .2 CE&T1POI-zE
TFEl? AT~zPF 105 D~.
D'ENSITY OF rLIJIV .77T1 ý?/u
n:EA! R~nIAL CLEARa"CE z 2a?~4 I~~i

T IE LEAK RATIO RryXOML.S :;0. TIP::S

.5s375 .12137 lir?35.7 A
5p'?? .46M~7 .1521.437 139.26. 3?

6?'.375 .181994 16545.3 3
7F.C? .1125 .211356 19222.6 3f;

sp .?73437 .243267 229P3.5 36
* 91'1' .231'459 .27176S 24723.2 35

PP?3125 ap?!59 27432.4 34
ICl.1935i'4 .5333414 30296S.9 34
I?''.164.^62 .31%9391 SI.936.R 33

13s2C .14S457 .3Sl974 35622.5 32
14r-.136719 .4R3564 384S3.2 32

15r??-~ .125 .45279 43111P. 31
16 sh2 m 1.31F I AF36,s 43947. S

Mr,.I 30316r .51CF1'8 46454. 29
1 F.21'C 9.765COE-M' .5444i1 49457-.6 2S

I iz In S 12 .57124 51316.'g 29
S 00 .SP?44E-PP .603043A 54617.7 2F

21000 7.r6125?F-0 .62E67a 5714E.5 27
2227.42IF'7r-7; .661433 60277.1 27

13 2?5:2 Z.3S--2 .692i9 62s"3.=E 27
24s .64vG^E-02 .722779 65606.1 27
2A 6.25rt~-?;-2 .750764 6si6'.F0 RIC

SiL!E LET-1 .2QP565 Mi.



7A3LE 3.2

AR71LLERiY SEO-) PRO"RA? - 11/26/70'
RTMSED- '/47

FLUID IS I 'VT1T'L SlICA5
iLuil! 'JISCOSHY =V 19 i!I?OISE

-65 DG
r,;TYOF -L-iI- - G'-S/C1I.C"'

TY2LEAX( RAVlO REYNOLDS NO. TURNS

(sp'1)T 
TO ARM

i.4rS25 l.~Si5 l11.261 47

,*7rr 1ws 2.6rlSZ-?3 23G.611 47

5G53.24519---3 
27-4.ýL7 4

6CG.4675 3*Sltr7:.4rs 556.0112 47

*3S47 .556! 413.643 4
70S 5162 5.1C 1%ýCs 471 575; 47

.:zi :12-5 5.s'5C-4S--*3 53ý2.134 47

I ?'-CI .-6125 6.4?56- PS 590.546 A7

11 ~ .25sr36 7. 3E( -52.2-P2

* 12eC- .23,Z7 .3-5~ 712.SPI 47

I 3V12 .21-*44 2. S'13 769.997 4

.1sr-2is . v.iq54E' C25.3r-9 46

.37A675C- EFS.762 4

:1757S1 I.P4!3=3-CrZ 94S.5ss 47

* ~~~ .~' 146 1.I4i i2 ic-4.35 46

IM7.15G25 1.17253s'-M 1±i66.37 417

.14isA57 j.R3F52E-rt t125.S4 47

1r,2 .3vj1v-r'2 lins313 47

2lt'' .z2F1 l3132 123?.1 46

.2rp125 1.42r-15. 2 l225.S5 46

.12~4 .565E~2 !36Z.S! 46
.1529 .5rIF. 142V.51 46

25r-.11132F .32Y-2 36.

~~U~HOLE LEN3 6367EH3 4

13



TABLE 3.3

ARTILLERY SEOD PROGRAM -i326n7P

FLUID IS 5 CENTISTOXE SILICONE
FLUID uISCOSITY =2 CENTIPOISEE
TEMIPERATURE = 165 DFG.F
DENSITY OF FLUID =.94a5 rims/cu.C'
MEAN RADIAL CLEARAN~CE = 1.25PPAE-24 INCHES

ORzIFICE- DIA",ETE-R = 5.4MP~E-?.3 INCH1ES

S I N, TIN--- LEAK RATIO REYNOLDS NlO. TURNS
(RF.1 TO ARM

2rt1.4573 6.69561E-03 6!!9.244 4F
3c .953125 1.90595E-02 915.472 46
4?C.71875 1.342tSE-M¶ 122~.85 48
5po.578125 1.676S9E-3V2 1526.33 48
Vp%.476562 241SE~2 1836.3 A

7881' .4825 2.34?54;-3'r2 2137.2s 47
EPO.351562 2.67244E-1C2 2431.96 47

91P4P .3125 3. L54-M' 2734.74 47
IMPPI .28125 s.33ss4E-1--2 3937.22 47
IMirD .257812 3.6F436E-?2 5340.30 47
12epi' .234375 4.03797r-'2z 3672-.39 47

Isrl.214r44 4.363P1E-M~ 3969.26 47
14P.'2 1Z' 4.69877tE-i'2 4273.47 46

.I8r J35SA 5.P1824E-8-2 45519.12 46
16.P.171875 5.34327E-V'2 4F63.55 46

IMPN .16AP62 5.712758-r2 51S2.F2 46
!ps.152344 6.97FE1E-e2 5465.97 46
SPP.144531 6.347759F-12 5775.76 46
2in.1367!10 6.6736PS-SP 61'69.48, 46)

231'rp .132F12 7.068lPEE-1'2 6429.21 46
2PP.123047 7.3743rE-; . 67CS.64 45

23P7V .1171S7 7.7fl477-r2 7;4r6.62 45
241'Ct .111328 9.1'1327E-i-a 7292.47 45
251'1'p .107422 7..371M8P-P2 7614.43 45

rAXIMUMI HOLE LENGTH =3.2899E-1'2 19.
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TABLE 3.4

ARTILLERY SFOD ?!ROnRAM -11/26/731

FLUID~ IS 5 rCE'4TISTOY.6 SILICI! )
FLIDI V1S.-g~!TY = Ir: CENTIPOI~r

TE~ERT'.~ -65 r,-6G. F
-~'SI OF LI. .'62 G1ss/ClJ.C r!

ORJF-!r- O.IAZfl6T6R =5.4r~':!-1' 11XCHFES

TIME L lATIC REM8LD ?0. TURIS
TO AF.'1

2?C1.5625 1.436666--04 13.1.652 52
3SNIP 1.03125 2.1357PE-74, 1!.4297 52

400.7F125 2.57,374E-:14 25.1314 52
- 00.625 3.f5?339=-!'A 32.5827 52

6000 .515625 4.271696-04 3F.S6!9 52
7!!2V .445312- 5.0304s96-14 45.7496 52
8006 .33o!6~25 5.748C'66-04 52.2672 5p

S0 .3,4375 6.432ICZ -r4 56.5173 52
1000.1 .3125 7.!6766T-0.4 65.1725 52

* 11;C0 .28125 7.F4246i6-P4 71.343W 52
12000 .257S12 E.545P1-1 --. 4 77.7333 52

* 13cre1 .2382s1 9.32552r-Z4 F4.S375 52
342pp. .2226456 i1'02 0 S1 .51-27 52
15210 .207r31 1.^75F56-P3 97.Z57E 52
I 6etr .1195.$12 1.4860 04.552 52
17cr? . I83M14 1.2-2v35r-r3 1l10.969 512

.171S75 1.266G72E-p3 117.0.57 52
* 19000 .164162 1.66~-S 125.E18 52

2ilp00c .15625 1.4!3896-0-3 W3.172 52
2300? .148437 1.503480 336.684 52

* 22001 .140625 l.56$9IE-03 142.72 52
23rrp .136719 1.5260 49.99 52
24r0r0 .110 .7295rv-e3 155.505 52
25-rr .123047 1.769376-0-3 162.559 51
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TI.SE 3.5

ARTILER~Y Sr8O! PRGROPA~-ý 11/Ef/70
REVISED - IPl!4I7!

FL.UID IS 5(' 9:'QTISTOX'-E SILICONEF
FLU!;) VIISCOSITY =20 C-T!.POIposE

TP,.ERTU17 = 165 D7-G.r
DE4S1TY 4IF FLUID .9ý* ls/cu.c!
cTA?' RADIA! C!2R~C I.5'--f4 I'- --S
CRIFICE DIA'I*:-T~R 5. f0- .3 ?CHES

SPIN ~ 2 LE-Av RATIO REYNOLDS C~O. TLUPPS
(RPM1 TO ARM'

1.46F75 ~ .4~5-4 61.2262 49

31;..96F.I5 I.8934SE-C3 91.87-44 48

.734375 1.3464FP--C3 122.597 49

5800 .57S125 I.729-3 15.7
."?.454375 IS'167-3 13.723 4F

.-'- 4141'2 23b51 213.E71

.359375 2.67457r-,'3 243.415 4 8

91M. .320312 3 .P"5' S6- 273.762
MP.28ýM6 3 342AF=--'3 304.C92 A8

ire.265625 3.68F527-75 355.369 49

.222Sa 4.36939rE'3 397.5 As

490..29-7'31 4.7P0551=-t'3 429.r,35 48

161'?? :175627 5.354c,3~-,x3 AE7.2-'& 4 F

1P-t.171F75 5.72333=-:3 52P.354 49

l211' .11'56 C.M23.E-r3 54F. 4R.

211' .36197.P1'359-?-ý3 637.294 4S
2os.136719 7.32635S-?3 671.453 49

2;M .125 7.725?7~-03- 7f'2.?r8 Is

2-irrP .1191411 S?20E 731.95F

25rf-it .115234 4 9-3 7.934

:1~lh~'13'L-- LEEGTH 3.r41-3 C

16



TABLE 3.6

ARTILLERY SEOD PROGRAMl - 11/26/79
RtEVISED - 1?/14/71

FLU!3 IS 5r' C-E,.TlTO~r SILICON~E
FLUID VISCOSITY = 17ri' CENJT!POISE
TEFPERAT'JRE -55 2~G

DEJISITY P- 1tl =UV .!V.iS2 wes/CU.c-
*'ERN RADIAL CL lýA~--AC 2-I'-' ~CE
ORIFICE DI!nETER = 5.4(lPPCF-i3 ILCHES

SP'TIME LEAK RATIO REYN2OLDS NO. TURN~S

(R?"') 
TO ARII

V771.5625 1.43674E-'5 I.3P647 52
sIi .t'3125 2.15565----5 1.94297 52

.7V-125 2.9734?E-5 4.61294 52

5rl.625 Z.~~-' .25797 52

s*l .515625 4.27133E-n5 3z.9F57S 52

717.445312 A.2EE-' .'-7435 52

.392625 5.747i'3S-i5 5.SZ593 5:!

.34375 6.43lp~-se -.15 5.55P75 52

.3125 7.160-SE-?5 6.51s 52

ipz.28125 7.F4V57E---;5 7.132S4 52

Wle.257912 8.54127S:--6 7.77161 52

M3CI. .238281 9.322SCE-C5 SC.4P166 52

.225 .CP.596E-^4 S.14FF5 52

.207S3! I.e754'PE-24 S.t3 52

.195312- !.14943E-r4 3IP.452 52

.IS3594 1.21SE9E-0'4 I1.r'933 152

1 vtl.171Z75 I.28621IE-i4 1!.7?17 52

23 1565 143325E-r 13.i'323 52

zii'rr .14CA37 1.5L244E-i'4 13.66i1 52

?2,7.14i'625 1.5S6I6E-!'4 !4.2SE2 52

23"i'i' .13671? .64942sE?4 14 52

24?-.12sscs. 1.7CFS1---i4 15.5436 52
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The forward velocity of an artillery projectile is

related to the bore dia•-eter (0) ard spin rate (=) by the

ýwist (T) of the rifling.

V.2=...-• "T- (3.1.12)

The distance traveled by the projectile assumning

negligible aerodyrmmic drag is:

x = Vt - 2:-t

Thus,
XT1

t - (3.1.13)

The centrifugal force or. a SEOD piston is:

F = •2• (3.1.14)

The tice delay from equation (3.1.3) is:

or

LA (3M.15)

18



Where:

= projectile spin (sec- 1 )

H = SEW9 effective drive mass lb.sec
in

R distance of SEWO drive cass center of gravity

froz spin axis {in)

Since both tine delays are proportional to 1/u the SEOW

daspirng characteristic results in constant turrns te am.

This is true even though the distarce fron the center of

drive mass to the spin axes varies during araix vrovidini

the angular velocity does --rt vary appreciably.1I

3.2 SW-EARFLO, Safety Satbazk Device

For =ay years there has been a desire in the mmilitary

to render all a~mnition drop safe. Specifically, it is

highly desirable that all a. nition be designed to witlhstand

a 40' dro;) ent any surface without the possibility of the

fuze becoiing ar•i• d. The basic problen has baen that under

such drop conditions the acceleration .Ahich the fuze ex-

perierces can be cf the sac- =agnitude or cur, oEreater than

that experierced in an actual ballistics eavirorent. An

artillery shell dropped onto a 6' steel plate, for exa:nle,

could experiernce an acceleration of greater than 2-1-03 g.

the difference, of course, is that during a firing the

19



duration cf the acceleration is considerably lorger. Or

stating this another way, the energy change involved in an

actual firing is cc-riderably greater than present in a

I 40' drop.

Most attempts to achieve drop safety have been based

upon a simle spring mass system. It is very difficult to

provide adequate drop safety in a sr3all space with sizple

systems of this type. 7nus, such deAices are often

activated by something less than a 40' drop. Tc overcoe

the deficiencies of the sirple spring nass systi, sequential

:-iring rass systems were devr'sed. Such systems differentiate

S-:bceen a short duration and a longer duration acceleration,

however, they are generally ctnbersome. composed of cany

parts and relatively expensive to c-anufacture.

To achieve drop safety for this artillery S & A

application, a SFLOD dashpot was choser. this SMEARCO

consists of an accurate piston and cylinder as shor'n in

Breed Co-poration Drawi I;o. 508970. A grease-like cosoo-du

is olaced in the clearance bet•eeen the piston and cylinder,

and during activation of the device the niston moves relative

to the cylinder shearing this compound causing a viscous re-

tarding force. Then the GCevice is accelerated, the oistor

begins c:o-ing= in the cylinder being opposed by a spring- and

the v•iscous force. Sirce the retard-ng force is a function

20
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of the velocity of the oin, the faster one attw.pts to

:-ve this pin, the greater the retarding force. It therefore

requires an acceleration of a significant magnitude and

duration to cause the piston to travel the full disLance in

"-he cylirder. Uner drop conditions with a properly designed

unit, the piston will rove only a very short distance in the

cylinder, whereas under typical setback conditions sufficient

energy is present to pmreit the piston to travel to the

botto of the cylinder.

Because the SHEPtFLOO therefore requires a larger a.jnt

of energy inrpt to becze fully activated, it successfully

differentiates between a high energy setback situation ard

a cuch lower energy cerop condition even though' the =agnitude

of the accelerations are tn2i same.

The v-scosi9ty of a substance can be defined by the rela, on:

X (3.2.1)

11here can be a funrtion of U, y, h and T. F-Cr the

case where the clearance in the region of interest is s.rall

coopared with the radius, the viscosity is constant, and

fully de-eloped flow exists,

MJ U
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The shear stress is defined as the force ver unit

area in the x direction, thus,

= F(3.2-2)

Tx Rdedx

$nere:

h = is the local clearance (a function of x and e)

Fx = the force on the piston in the x direction

U = the velocity of the pistcn

R = the radius of the piston

S= the angular ceordinate around the circt-ferer.ce

x = coordinate along the cyiirder axis

y = the ccordinate perpendicular to the cylinder axis

T = te=FArature

Substituting these relatio.ships and scsving for the

force on the piston,

F JJ Rded.
This equation can be integrated for centered travel if we assurre

that -he -iscosity is independent of X and e to yield,

F 2=uURL (3.3.3)

22
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This is as far as analysis can be taken at this tine.

The relation relating the visccsity to the shear rate,

clearance, teW-rature, etc., m.st be detemirned experimentally

for each substance to be used.

in general. in order to obtain a device whose time delay

is relatively conmtant over the miilitary temperature range

the piston is choser fro a material having a significantly

higher thermal coefficient of expansion than the cylinder.

Once materials for the piston and cylinder have been chosen

and once the cylinder internal diareter is picked, the dia-eter

of the piston can be deter-ined for opti-em te~pe-rature

co~pensation for a given fluid. For a device the size of the

safety setback device, very little teoerature copernsation

can be achieved in tVh, way. Experimental results have

indicated. hoýcever, that the variation in time delay" is not

as severe as would be expected for the SPEAPFLOD -:sed in this

contract.

3.3 Comparison of Spring--ass and Viscous Dampirng Setback

Systems

3.3.1 Analysis of Siring-=ass Systm

A st-ation of the fcrces on the nass frcm Figure 3.3.1

yields:
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E;

Figure 3-3.1

ZF -- _!;X+F +• I(Y-X) - (3.3.1)

X = M•ass of setback pin

X = Absolute displacement of setback pin

Y = Absolute displacecent of projectile

K = Spring constant

Fo Initial spri.-g corpression force

Putting this equation into standard fore,

S+ K y (3-3.2)

If we _sss=e a constant acceleratian of the projectile

= 1/2 at 2  (3.3.3)

Where:

a - projectile acceleration

Z = time

Thtus:

= = F0  Ka -(334)
+I x

The solution of equation (3.3.4) is coosed of a hocogene-,"

and particular part.

X = X + (3.3.5;

H X

S~24
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""'hich can be found in the usual manner to be:

XP =A~cos/7- t + Aein/'t

and•.± Va-F 0

X = 1/2 a - (3.3.7)

The constants A. and A can be obtained from the initial

conditions:

X =O =0 at t =0

Tc give

= 2 a t2 - (Ra-F6) t
X = (I - cas /K) (3.3.8)

The relative coticn of the pin is therefore:

(Y-X) = 0 a.) (3-3-9)

The cotion of a sp.-ing mass systan can be simlified

for the case of a constant spring farce and a step function

acceleration1 . For this case equatior{3.3.- becoces:

=- F0  (3.3.10)

and
Y A (3.3.11)

Integrating and aeplying the initial conditiors:

StF t+C

S= -': at t=9

ITnis analysis foll-ss a su--estirn by David ,Nverrz.n andSIillia -3 alderson of Ferry Siw0ond Laboratories.
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X = F t - (3.3.17)

X /Z Ft - Vt (3.3.13)

Y=At+C

y = , at t = 0
y A t-' V o-<: t -S t( )

y 0 to-t ..

Y = 1/2 A t 2- V t 0 f t < toD ( 3.3.15)

Y I2 t0
2- Vt 0D t 0 ft j

hhere:

A = Acceleration of projectile

to = Tire to stop projectile

V = Initial velocitj

FO

khnen the pin has traveled its maxijur distance its velocity

is zero. This woijld a•--ays occur after t., providing the

acceleration exceees the bias value. Then sirce:

Y ; = A t,- Y (t to)

"V =A (to 3.3.16)



and,

X 0 =-V + Ft

Thus,
t1 -L (3.3.17)

•here:

t = Tire at riximcn pin travel

The travel of the pin fron equations (3.3.13)and (3.3.14)is

then:

Y-X=1j2 A t2 - ¥ to - 1/2 Ft1 Vt 1 (3.3.18)

Stbstituting equations (3.3.1q and (3.3.17) into C3.3.1S) and

sirplifying yields:
¥2

Z=• (V • (3.3.19)

3.3.2 Anallsis of Yiscous Oa.aing Setback System

Using the sae notation as before bit neglecting the

spring force since the sorinm is rn, chosen to cro~ide a sloa

return tioe for the piston and will be considerably lighter

than the viscous da~ping force, yields:

=- -1 o(x -Y) =0 .(3.3.23)

Where:

D = Linear visccos da•.ing coefficient

27



I

Rearran-gir gives:

If we ass,=Ee a constant acceleration

Y = at (3.3.22)

Thus,

D ' Da
X ~= t (3-3.23)

Again the homogeneous and particular solution can be

found in the conventional mrner to yield:

D.
X. =AIe H + A2  (3.3.24)

1 1/2 at 2 -a t (3.3.25)

Using Vhe sce indtial con-itions as above gives the

cocplete solutinn: 9

1/2 at
2 

- t - a-- (3.3.26)
a 5D-

The relative =otion of the pin is t-erefore:

Z=Y- I

2A
4PMa e (3-3.271)
I -t +a-



Since (Y-X)<! and for ary reasonable drwo or firing pulse

at>>!, <<1 and the second term can be neglected, thus

z = t (3.3.28)

3.3.3 Discussion

Co=paring equation (3.3-19) to equation 3.3.2V it can

be seen that for the oure spring rass syste2 the travel of

"the =ass is no- only a fmction of the velocity chance but

also of the acceleration. For the SIEC.7L0O systen, hcecever,

the travel is a function of the velocity chame only. In

addition, once the bias acceleration is chosen, the travel

of the mass is fixed for t-he spri.n mass systen for a given

acceleration i-ereas in the SFEA-JLOD svst e there is no

such limitation ir=osed on the design.

*To get an order cf zagnitude appromi=ation asst-e (Y-X)= I inch

and a = 5xIO in/sec.. I! the first 3nd semnd term on t.e

right are equal, then

_ t .567
H

or t--.E

Thus, 1 = 1.134 a

DTherefore X.=I -3x soc

and tne second ter-z can be nerlected.
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4. Sun-ar. of York Acc-omlished Unrder Contract

4.1 Scome

Mhe scope of this contract was to explore the feasibility

of a safety and arming device for use in artillery fuzes.

ibis device was to use dashpots to provide such furctions

as aring delay and was to include a dud clean up feature.

It was to c-et out-of-line safety, safe separation, handling,

emironmental resistance, physical shape, exalosive train,

dud clear-up, and other perforrance require-zents as delineated

in the stateent of work. The contract involved the

construction of 85 units to So through two test progr= as

depicted on Charts I arnd 2. During the course of the contract

substantial modifications were =ade in the proposed design

of the S & A device which had the effect cf sianificantly

irpro-ig its mliability and safety, and s-_-'ifica'ntly

reducing -ar-ifacturing costs.

30
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4.2 Pre--ontract iodifications

The original design creposed is shown in Drawing 50E0.

Prior to the begirning of this contract several changes

were rade at the suggestion of HDL engineers. In particular,

a reservation con.erning the adequacy of an .08 inch nide
barrier in the eplosive train of the original design was

rcived thrccug a redesign ahich placed the SED3 tier in

the =ain coving cass wherein the timer became the barrier

in the explosive train. This design m•cdification had the

further advantage that the fragile proncs on the sliding

cass of the original design could be elimrinated which re-

Moved concern .nat these prongs nnght elastically deform in such

a way as to becce P significant source of friction.

An additional concern revolved around the setback and

spin sensing pins of the original design. This led to the

incorooration of the SFEARFLROD setback sensor described above.

4.3 Early Design C-hanges

After the contract was awarded, a reeti.- was held at

Harry Dia-o-d Laboratories Lherein the possibility of using

an M)L deveiooed suzer-cuick detonator assembly was discussed.

This is a syster- uhereir a detonator is held in a s-all slider

string loaded away fro-. a firing pin. Upon i=oact the =,-s

of the slit.er prcels the detonator into the fixed firing oin.
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This discussion led to the idea of using a delay -ý.tonator in

a similar manner and eventually resulted in the tdo redundant

delay detonator systecs no incorporated in the final design.

The second dcay detonator was incoraorated to orovide re-

dundancy when the fuze is o.erated in the delay code.

At this sa,:e visit it was suggested that, if possible,

the size of the S S A shculd be reduced so that when used in a

module configuraticn it would fit into a smailer cavity than

the )fl25A1 booster. As a result the size of the S & A was

reduced. hcwevr, subsequently it was learned that even a

further size reduction w'as desired. This, it is felt, cannot

easily be done with the design configuration of the present

S&A.

Througout the contract oeriod, but more specifically

near the beginning of the effort, a substantial a--jnt of

effort went into reducing the comle-ity of the S S A. The

LAW self-destruct systen was replaced by the two irpact sensi-

tive delay detonators as described aoove. in addition, a one

piece alu=inrx body replaced the original two piece system

originally proposed. The slider weight uas redesigned to

give it a sile.: and rere sy-••trical shaoe =akWng it possible

to be produced as an alur=i=n- extrusion rather than a more
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expersive zinc die casting. The original 450 cccbination spin

setback lock weight was replaced by two spin sensing locks whirt.i

provide out-of-line locking and one SIIEAPFLOD setback pin.

A substantial aount of work went into finding an appropriate

seal which would stand up under temerature Lycling as well as the

rough handling tests. ý'odifications in this area continued to

nearly the end of the contract.

4.4 Exolosive Tests

During the second conth of the contract rockups were

used to perforn the prelininary esplosive safety tests of

Chart 1. In the out-of-line condition it was found that initiation

of the superquick detonator also resulted in initiation of the

txo delay detonators. Howeever, even with all three explosive

ele=ents going off, there appeared to be no damage or defor-mation

to the outout leads. One unit tas set off with the outout fron

the detonators as nearly in-line with Ihe MX leads as possible

wighoit overlapping the=. "-hen the detonators i.ere set off

they failed to set off the RDX leads. Hotmever, upon inspection

it was noted that the lead cup tons wEre bo-ed slightly. Te

final unit was set off in-iine to prn-e out the explosive train.

The unit functiored as planned with all three lea& again coirig

off as determined -y a steel witress plate.
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Nine additional explosive tests were run at Picatinny

Arsenal and were not included on the test olan. 'hese tests

involved =ockup units and were conducted to determine whether

the delay detonators would set off the superq-jick and thus

bypass the delay time and also what the duration of the delay

tire was. During this period these detonators were under

de-elopent at Picatinny Arsenal. The initial gro-r of five

units which were tested produced erratic tire results but in

no case did the delay detonator set off the super-quJick

deton-tor. The firal four units were tested using a new lot

of detonatos with significantly icproved results, hottever,

3 out of the 4 units were not within the 50 !20 Millise-ond

delay tize. Since these tests were run we have had assurance

fr= Picatinry Arsenal that the detonators can ncw be obtzlned

which fall into the specified tolerance range.

4.5 Tolerance Study and Initial Tice Tests

Du rin- the third ronth of the contract a 10 to 1 layout

of the entire design was r-ade. All of the rajor parts were

studied and chances in dimensions and tolerance vade where

necessary sc that no ccbhi.ation of ranufacturing tolerances

could effect the reliability and safety of the S &'A. These

tolerances are reflected on the final orints.
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initially the SECD piston was first wade and then cround

to size. IPowever. due to the small size of the part. roundness

was difficult to raintain and a condition of 5 point lobi%

existed. This proble= was solved by grirni.-Ig the sten in

longer lenu.%is then cutting them to the required length.

Buring this contract an aut-atic indexing test fixture

. ras constructed to o-it static load testim of the SEGOi

assezbly under cornuYter conit-z.l in :c-t.,-tur2 t~caes .a

-65'F to 16iF. A photogra;h of this test fix:'zre is shown

in Figure 4.1. Test results run on this automatic static

high load SEOD test fixture appeat in Table 4.1. The force

applied to the SEO) piston corresponds to 13,001 to 16,000 rpm.

An .00S inch orifice size was us.d except for No. 12 which

had an .X013 orifice and No. 16 which had an unknow. orifice

size. The piston/cylinder clearance was betxeen .00r250 and

.000300 inches.

After cornsiderable testing a diazetral clearance of

.000250 to .CW0300 inches see-ed to be the best tradeoff

bet7ween tolerance control cn th- erne hi-r4 ar- excessive

leak-ge t -en the piston and cylinder on the other. Test

results foI sev;eral SEO3s are shown in Table 4.1. These

SECODs utilize five centistoke silicone fluid as did all

subseque-t tests.

3a



TA.BSL•.1 - STATIC -C:I.n SE0- RESL.TS

Tice in "i11iseconds at Temperazure

"SEOD No. -65 0 F -35F A-bient 160-F

1o 68, 67 - 50.50.54, 53, 45
56. 53, 53. 55

95, 25 . 895, 85 88, 88, 87, 86, 78
88, 87, 89

12 597, 478 423 395, 387, 438, -
354, 371

13 - 78 77. 88, 79, 78, 71
79, 77. 77, 75

14 95, 124 78, 75 77. 77, 79, 92, 77
78

15 92 82, 107 75. 76, 77. 76, -
77, 79

16 - 171. 173 158, 163, 164. 133
159, 156

17 87, 79 79, 86, 77 78, 78, 78, 77, 70
79, 78, 79

18 125, 80 82 5, M 60, 80, 80,0,C-,
81, '9

19 94, 90 85, 90, 83 85. 83, 86, 85.
83, 84 -

20 - 155. 8a 75, 73, 7., 73, -
73, 76, 77. 78

21 80, 76 79, 71, 69 60, 61, 61- 63, -

61, 60
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4.6 Centrifu.e ;E-1s

In order to test the cperation of the S S A Aevice

under varying spin rates, a centrifuge (soi-rner) was built

based upon a Pope grinding =tor. This centrifuge was

const-uc:ed after consul'tAtion -sith hfL. and observatior of

a si-ilar centrifuge in ooxer~tion there. The centrifuge

worked well initially fico M000 to 13,00 r=s. hoee-er.

considerable debu-ging wcas re:qjired before the hiqler speeds

of 25.,0O rc- could be reached. The main vroble. revolved

around vibrations due to unbalance in the fixturing and the

fact that the center of gravitj of the S & A shifts during

nonnal operation of the device. A photn.raph of the centri-

fuge is sheen in Fic•ure 4.2.

In Table 4.2 results of the turrs-to-aro versus rpn are

presented. The results of SEW N2. 22 are plotted in Ficure 4.3.

the turms-to-arm for these cases were slightly low d-e to the

orifice being soneidat too large.

The static SEL• load tests (Table 4.1) were conducted

without the foil seal installed. The SEOD was tested in a

vertical axis eli-inatrng the need fr a sel.. M-e centrifuge

tests (Table 4.2) were run without a cri=-d seal. A series of

tests were conducted to verify that the SEýD opera:,ed identically

wit.h and .itho-t ze seal. "1he foil seals were not necessary

due to 'lhe -irsicnificant fluid leakace beteeen filling,

'11
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TA3LE 4.2 - C:.TRIFI'GE SPI.I TESTS

Clearar.ce Orifice
SEOD ;o. x le Diaeer Tep. Or P.MI Turns to Ar- lNen

.x 03

1! 350 7 Ambient 3,000 18.7, 17.9,
22.3, 27.9

16 325 6.5 Ambient 2,700 37.7, 37.6,
37.2,

3,300 37.1
7.500 30.7

12.500 23.7
11.5W0 16.1, 27.1,

26.0, 27.0
15X 275 6.5 Abient 2,90 34.3, 35.4,

35.8. 37.0.
35.5, 35.7

-50°F 2,990 38.2, 38.2.
34.3

Ambient 3,500 35.4, 35.4
4,000 93.8. 34.4
5,000 34.0. 32.7
6,000 31.4. 31.8
7.090 34.5, 27.0.

31.2
8.000 29.4, 28.5

10,000 27.9, 28.1
"1?,000 36.4, 33.6
13,000 21.4, 24.9,

24.2
21 203 4.5 A-bient 2,9W0 51.6, 51.1,

56.3, 5.3
10,000 89.1, 43.5,

47.5, 45.7
21X 275 4.5 Amient 2,900 48.7, 47.9,

"50.6. 49.5
10,000 45.1, -3.4

43.8, 45.6
22 kieat 2,00W 34.6, 31.8

-0.4 35.6
3,000 26.0, 25.0.

25.4, 26.1 25.4
5,000 28.0. 24.8,

24.3. 24.4 25.4
10,0"0 29.8 29.8
11,200 26.8. 35.2 31.5
12,8•30 31.1. 31.4 31.3
13,000 2S.7 28.7
15,500 36.4 35.4
20,,.0 36.4, 34.3 35.3
22,000 32.1 32.1
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placing into the spin fixture and initiating spin.

Pefil;ign the SEOD was accomplished by reovin tine

piston, filling with filtered fluid and replacing the piston.

Once the retaining washer has been crimped to the SEW

cylinder the cylinder may not be used again. In early

e-inrortental tests rany SEEOs were used over again.

These SEWS were nct cri-med. In these cases the retaining

washer was held agairst the foil disc and SEW cylinder

by a Masher fitting around the retaining washer and

threaded into Lte slider weight.

4.7 Prelijirnary Test Plan Pesults - Ciart I

The results o' the four units tested for armirn according

to Lhart 1 are shodn ir Table 4.3. All four were tested at

-65°F azbient and +160F. The results of the six laboratory

evirot=ental test units fro Chart I are as follm,-s. The

five foot drop test was conducted according to !I'L-$SD-331

T-st M11 except that all drops were rade at 7 Feet instead

of 5 feet. The S & A-was screLed into a 3" long secticn of

an 81 =. round and *the test unit was drozed onto a steel plate

several times in each of the five orientations. hien dropoing

the fuze in the horizontal plane ahasis was placed on aligning

the stider in a vertical esition so as to put the greatest load

V4
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on the spin lock oins. !n the horizontal olare after reeated

drops the rzterial aroind the detent of the slider started to

bend. TIe unit re-ainid safe and armed prooerly uhen soun.

levertheless, the slider was strengthened to elizinate this

condition.

The 43 foot droa test was conducted according to

• IL-STO-331 Test 103. The S & A do-vice was screwed into an

U1-30 fuze and then into a 3' lerrth of an 81 cc. -. rtar case.

After five 4•9 foot drop the unit was rewyed from the cortar

case, put in a centrifuge and soun. The unit arced in .2.8

turns, after the drops as co=zared to an average of 32.2 turns

before the drops.

The jolt test of Chart 1 was cornucted in accordance with

!IIL-STD-331 Test 101. ThL test olan of Chart 1 -as nodified

soce-hat to oemit the simultaneous runnirng of these prelinirnary

tests. One unit was jolt tested at Picatirny Arsenal. A hair-

line crack develoved in the foil -6ic. oeritted the fluid to

leak out. After the jolt test-, the S & A functioned uhen soun

in 0.6 turns. A si-il= r -roble= occurred in the jutble test

which was conducted on one unit in accordance with NIL-ST•_-331

Test 102. The unit arc'd in .5 turns.

45
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TABLE 4.3

Aming Tests at Different Ten:eratures - Chart 1

Four Units 3,000 RPM

SVariation
S I A -60&F Ambient +160°F Pot to Cold

6 40.0 42.9, 41.8 43.1 -

7 23.5 20.6. 21.3 22.6 + 51

a 32.9 28.6, 30.9 31.8 + 31.

9 34.1 32.6, 32.1 30.3 +131.

The trarsportation vibration test was conducted in

accordance with FiL-ST•D-331 Test 104 procedure I. Four

S S A units were vibrated.; two having a nec seal designed

after the previous jolt and ju=ble tests and tdo with the old

seal. The new seal differed froti the old seal in that a

rodified sealina washer having a snaller internal dia=eter

was used. One of the SEOs having the old sealing svstem

leaked The test results for the four units vibrated are

sho•n in Table 4.4. After the vibration tests all units

were ared then taken apart and insr!.cted. All parts of the

S & A were intact and with the exceptijn of the one unit

that leaked, no signs of degradcstien of ary. of the Darts

were evident. As a result of these tests several .-odificatioms

were -ade to various parts of the S ". A. All of these =odifi-

cations are depicted in the final set of drazlings.
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TABLE 4.4

Transportation Vibration Te--.s - Ch,'rt I

Turns-to-ar [urns- to-arn
Before After

S & A Transoortation Vibration Transnortaticn Vibration

04 38.3, 39.3 41.1

05 54.8, 49.5 55.8

C6 40.6, 43.7 7*

07 23.8, 22.6 25.1

*Foil sealing disc fractured and SEOD leaked.

4.8 lain Test Plan Results - Chart 2

The results of the =re extensive testing as depicted in

Chart 2 appear in Tables 4.5 through 4.13. The fifteen units

which were to be c tecked at -60°, arient and +1-00 for turns-

to-ar= were actually put through a far core extensive test

than called for an the test plan. Instead of running just 5

dnits at each of the te=-eratures, it was decided to run all

15 units through each of the te--eratures and also at three

different spin rates. The results appear in Table 4.5. A

fet data points are missing due to equiozent problems wherein

the turns-to-a-m did not record. Two units appear with a

rather s=all nu-ber of turns-to-ar--. In both cases this was

due to probale-! with the foil sealing disc. In the case of

Fuze No. 10 run at 1600 the foil had been risinstalled leavinr

a gap through which the fluid could leak out. ir the case of
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Fuze Ro. 10 at -650 the fo0l had a defect permitting the

fluid to leak out.

The failure of the foil seal in several of the tests has

highlighted this potential problem area. This is imortant

since loss of the fluid iould result in a loss of 7.ost of the

aming delay. A procedure must therefore be included in the

production process to verify fluid presence. This could be

done cn an autocatic spin fixture which would tice the SEC0D,

then shift the entire assenbly so that centrifugal force wiould

return the piston to its sta-tirc oosition creatina a consider-

able pressure (such as 100 psi) followed by a retiming. A

co.arison of the first and second tires wuld then be a check

of fluid leakage. A sirple inertial mechanism could also be

incorporated which would lock the slider in the safe pcsition

if its initial velocity exceeded a given value indicating that

the fljid had escaped.*

The tt* places utmere this timer could be expected to

deviate froc a constant turns-to-am, if at all, would be

at 1Ik spin rates arnd cold t-peratu-e uhere viscous effects

would take place in the orifice and at high spin rates and

high te=erature where the leakage in the clearance betseen
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the piston and cylinder tould cause the turns-to-am to decrease.

From Table 4.5 an increase in the turns-to-am did in fact take

place at the low spin rates between a-biert and -650. .owever,

between arbient and -400 there is very little shift. The

second cordition did not occur, however, for the soin rates

tested. Very little shift occurred in the turns-te-arm in

going from a•bient to +!600 at the high spin rates. The

hichest spin rate used for this test was 12,000 to 13,000 rpa.
SSince projectiles spin as high as 25,000 to 3,000 rI it

would be desirable to run some tests up at this area. However,

the fac: that no significant change took place at 12,000 to

13,03 rpa indicates that the leakage at this spin rate was

scall. Thus even though this leakage would increase by a

factor of approxicately 4 at 25,003 a significant change in

the turns to am should not take place at this higher rpm ooint.

Tables 4.6 to 4.9 shows the results of the sequential test

units. Fr, o these results it can be seen that no aopreciable

change occurred during transportation vibration tests or the

5 foot drop tests (actually run at 7 feet). however, durirn

the ji-ble test wood chips fro *the jumble box apparently got

into the fuze through the open lead holes (tests were run

without leads) and muncturee. the foil seal eremittir-- the

fMuid to leak out. Soin to am tests therefore could nt

be run on the j'ble or the jolt units. Durine the jolt test

SO



TABLE 4.5

TE•PERATURE SPIfN TESTS - CFHAT 2

Turns-to-arm (Spin Rate 20D)-2500)

SEOD flo. -65°F -40°F A=bient +160aF

6 66.2 50.7 44.0 48.3
7 61.5, 59.5 51.6 46.1 52.7
8 55.0, 61.8 52.8 45.8 54.4
9 61.3, 62.6 54.1 47.7 52.4

10 57.7, 57.5 49.3 45.6 44.7
11 63.6, 59.1 49.2 47.6 52.4
12 54.8, 51.0 50.0 46.0 46.9
13 - 67.6 53.4 45.8 58.9
14 61.0, 59.8 51.6 47.9 -
15 66.6, 59.0 52.8 46.4 47.0
16 - 56.9 50.9 46.2 47.7
17 72.4, 60.6 49.4 44.7 49.9
18 57.3, 53.2 52.4 48.1 48.4
19 49.6, 53.6 47.0 39.9 -
20 64.4, 57.0 50.8 44.6 -

Yean 59.69 51.07 45.76 50.31
Std. Dew. 5.3 1.9 2.0 4.0

Turns-to-arm (Spin Rate 6500-7000)

6 42.9 - 46.2 45.1
7 44.4 - 42.9 45.2
8 43.0 - 45.3 -4.0
9 50.0 - 49.2 49.7

10 39.2 - 42.8 45.4
11 41.9 - 42.9 43.9
12 o5.5 - 47.9 - .5
13 48.3 - 42.3 41.6
14 41.5 - 45.1 47.7
15 d7.2 - 46.8 49.9
16 46.9 - 43.9 47.9
17 47.0 - 45.6 43.6
18 47.9 - 49.9 52.8
19 44.3 - 42.4 45.9
20 44.8 - 41.6 - 47.9

.Xean 45.00 - 45.00 46.81
Std. Dev. 2.95 - 2.6 3.-5 B
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TASLE 4.5 (Continued)

Surus-to-arm (Spin Rate 12,000 - 13,000)

SEWO No. -65 0F -40CF &bient +160°F

6 45.7 - 45.0 46.0
7 49.8 - 47.6 44.0
8 50.0 - 49.9 56.6
9 46.6 - 47.9 51.2

10 53.3 - 48.2 11.2*
11 43.1 - 45.3 48.7
12 50.8 - 45.2 44.7
13 41.2 - 43.7 52.1
14 55.6 - 50.5 53.5
15 20.4 - 46.0 48.6
16 42.8 - 43.9 47.5
17 48.4 - 44.4 43.4
18 52.A - 47.5 46.9
19 - - 48.5
20 49.8 - 45.0 47.3

Ilean 46.46 - 46.46 48.55
Std. Dev. 8.6 2.17 -3.59

*Elizinateý from Mean and Standard Deviation caiculations.

run on the non-seqtzential units to be discussed below, some of

the delay detonators had broken through the bottom of the slider.

For the units run in the sequential test the bottoms of the

delay detonator cavities had been thickened and no breakthroughs

occurred thus ccrrecting this problem.

The results for the non-sequential tests are shown in

Tables 4.10 through 4.13. From these results it can be seen

that no decradation occtrred due to 7 foot drop or transportation

vibration. -or the jolt test as mentioned above, the delay
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TAMaE 4.6

Sequential Test - Transccrtaticr, VYbrat4sn - Chart 2

"Turns-to-am
E-fore Vibration After Vibration

44.9 45.1

42.3 44.1

39.7 45.4

44.3 43.8

43.5 42.6

Hean 42.96 44.20

Std. Dev. 2.06 1.11

T TABLE 4.7

Sequential Test - 7 Foot Drop - Chart 2
Turns-to-arm

Before Vibration After Drop

43.6 -12.1

42.2 44.2

44.0 45.4
43.4 47.2
45.9 40.0

Owean 43.82 43.78

"•Std. ev. 1.34 2.81
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TABLE 4.3

Sequential Test - Jurble - Chart 2

Turns-to-arm

Eefore Vibration After JJble

47.2 Hood chips punctured foils.

44.6 All units less than I turn-to-a,-=.

44.7

47.3

45-1

Pkan 45.78

Std. Dev. 1.36

TABLE 4.9

Seqzential Test - Jolt - Chart 2

Turns-to-arm

Eefore Vibration After Jolt

44.7 Foils broken in jzble test.

46.2 All unit. less than 1 turn-to-arm.

44.5

47-7

44.5

IPe-ar. 45.54

Std. Dev. 1.39

.33z



detonators broke through the bottom of the slider and into

the blast cavity locking the slider so that arming cwild not

occur. This was corrected for the sequential tests as

canItioned above. In the case of the j=ble test the three_

lead cup holes in the bottom of the fuze %--re sealed with

a piece of adbesive backed alumin.um foil. This prevented

wood chips from the ju=ble box from getting into the inside

of the fuze and thus rnoe of the foils were punctured by

wood chios. One unit. haaever. did partially am due to the

centrifugal locks coming cut and permitting the slider to axie

sufficiently for the foil to-break and scre of this fluid to

leak out and partial arming occurred. None of these tests

were run with the SH•RLOD setback pin assecbled4. If this

pin had been included it would nicessitate disassehling the

unit, reoving the S!ME.WLOD Din and reasseabling it prior.
to spin testing. Had the SI-k•q-LO3 p;n been in place this

single unit probably would not have partially arced during

the juzble test.

To st-arize. a fenw crcblez arose during the HIL-STD

tests. Ebtever. in each case it appears the problem can be

easily corrected.

This ccopletes the analysis o: tPe 75 S & A devices

according to test plan of Chart 2. Twenty units were sent to

H:L to be fired for different Surs as per the H-M test plan.
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SABLE 4.10

7 Foot Drcp Test - a-art 2

Turns-to-am

I Before Dron Aftre Orop

47.7 46.6

45.5 43.9

44.0 45.1

1 44.3 63.8

Fnen 45.40 48.98

Std. Dev. 1.62 8.36

TABLE 4.11

Jolt Test - Char±- 2

Turns-to-am

- Before J1olt After Jolt

41.7 *

41.3 42.8

42.4

-" 42.1 *

- 44.0 *

Sean 42.3

Std. Dev. 1.04

-t"elay detonators broke throu-g slider bott ja-zirig slider.



TABLE 4.12

=:,= - Ahart 2

Turns-to-arm

Be•fore -le After 3=l e

48.7 Unit partially arced drinr. jurble

46.2 43.2

48.1 41.6

45.0 41.5

46.3 43.1

Msean 47.06 42.35

Std. Bev. 1.25 .925

TABLE 4.13

Transportation Vibration Test - Chart 2

Turns-to-ar'

Before Vibration After Vibration

42.7 41.2

42.0 42.3

45.4

45.6 40.9

45.8 d2.9

I'-ar44.02 42.54

Std. Dev. 1.69 1.79
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Preli-inary to the firirg of the 20 fuzes, nire S S A

units were fired for backgremnd infor-ation. For the first

firing three S S A units were used without the S&.EAR.FLO

setback pin. All three ar-med. For the secced firing the

setback pin was provided but without the co=Wo'nd betbeen

the pin and its cylinder. Once again, all three S & A

units ar.•ed and were lccked in the in-lire position by the

setback pin. For the third firing the copound was used or.

the setback pin and once again all three S S A units ar-ed

with the SEARF-LOO) pin providing in-line locking.

The results of the 20 units delivered to Farry Diamond

Laboratories and fired at Aberdeen Provina Gro.ud are

presented in Table 4.14 Fifteen boosters aed, two were

lost, ore did -ot am and the renaining two were considered

a *no test". The cne hiich did not ar L-as d--e to defor=ation

of the shouJlder at the bottom of the delay detcnator holes

which prevented slider notion. Upon irspection the thickness

of the shculder on this unit was found to be below tolerance.

The two "no test" uits had at least partially ar--d since

the SEWO foil was pinctured. !n both cases it is believed

that fuIl ar-ming occurred and that the ir1pact jolt drove the

slider to the cut-of-li-e position. Since this could -4t

be verified t-hey shculd be elimi.nated froc the test results.



TASLE Z.14

.te Fired: .r . 1971
Caliber :.n.: 105 -.

Rd No. !Pressure PSI Setback Yelocity Spin Depth Angle S 3 A
theadr Base c= FPS R,4 in. den. Condition

1 34,550 33,7.0 13,918 1,577 15,264 95 0 A
2 35,500 34.7,-J 14.331 1,579 15,2.32 139 5 A
3 35,503 -4,7C0 14,331 1,5S0 15,283 9-2 f, A
4 35,000 z---,22 101,227 1,530 15,233 138 a A
5 34,700 33.ý:-3 14,M-3 1.579 15,232 118 0 A

Caliter V1,2N: 155 -.

i 6,.800 6,7=:,T 2,093 553 3,108 80 5 A
2 6,3M0 6,250 1,933 Lost Lost 60 10 A
3 6,353 6,20 1,955 66G 3,114 114 0 .tr
4 7,00 5,,950 2,155 663 3,120 48 45 N
5 6,600 6,550 2,031 657 3,150 72 30 A

Date Fired: .ez1--er 11. 197f
Caliber : 175 -.

1 4.,2C0 42,271 10,A95 2,883 15,060 30 85 Floated A
2 0,5-3 44,23B8 11,249 2,8M5 150,4 = 0 85 a A
3 48,200 --2,271 19,737 2,S84 15,072 24 93 U FT
4 50F8O = ::-s5z 11,315 2,ý5 15,024 42 45 - A
5 55,400 ":,100 11,183 2,817 14,724 30 85

Caliber V.U: 8 inch

1 ,000 8,3S 2 2,243 803 2,910 Lest Lost
2 a,=- 8,5-. 2,19 810 2.916 lost Lost
3 8,703 3,595 2,I-5 8W3 2,3092 1327 0 Arm
4 3.700 ,5S5 2,1-56 832 2,.E5 132 0 A,-
5 8,6n 8,,47 2,i41 804 2,392 96 30 Ara

Angle = degrees frc= vertcal.
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4.9 Si-.F;%-LOD Setback Pin Test PRests

Several tests were additienally run to test the S.9-1ARFLO00

setback pin by itself. The test fixtures used were HIZ5E1

booster bodies bored out to accept an alumin.. insert uhich

held six SFEAFL00 tire delay pins. Th7ee type. of setback

pins were tested in the first firing with diameters of 1116.

5164 and 3/32 inch respectively. The pins were steel and had

a diaretral clearance of .001 inches to .0015 incles. Frcm

these tests the largest pin (3/32) provided the necessary

movement when fired in the 75 w. Sun (high g test) but did

not rove sufficiently in the 4.2 inch cortar (1300 g's low

g test). The sraller diameter pins did not provide sufficient

travel in either Sun.

Kew pins were r•-e with diameters of .0995 inches, .111

inches and .125 inches having diazetral clearance of .001 inches

to .0015 inches. These were fired in a 4.2 inch nortar uith

none of the= roving a sufficient distance. Drop tests %ere

-* run on these larger diareter pins resulting in drop safety

being achieved froa a drop of 25 feet, ho*ever, above 25

feet the travel of the pin was occasiorally far erough so as

to no lUnger blcck the slider and at 40 feet the setback pin

Coved the r-ecessary distance in every case. All of these

results %ere cnair.ed using an 31 r-. ccrtar shell as tha drop

test device. A1i tests were run with the sel'l in a vertical
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position giving the caxinz izulse to the setback pin. 2
•I The clearance was increased to .OGS inches and four

Sdifferent size pins were used, all of which .roed the re-

quired distance. The pins tested were .093 inches. .0995

inches, .111 inches, and .125 inches. These same units were drop

tested from a distance of 20 feet ar4 in no case did the pin

cove a sufficient distance to percit n-otion of. the slider.

Uith the exception of the .125 inch pin all of the pins -oved

between .025 and .030 inches at a drop height cf 20 feet. which

results in a locking engagezent of fron .025 to .030 inches.

The .125 inch diareter roved somewhat further. L'Men drop

testing the SAU-GROD setback pin the bias and return spring

is left cut to pernit measurecent of the actual cotion of the

pin. This spring would reduce the travel of the setback pin

in an actual case. The springs are included in the test

firing of the entire S * A device.

The SE•IrYL03 setback pin is thus canable of experiencing

at least a 20 foot drop height without releasing te slider

which is a significant irprovezent over the equivalent spring

"I Eass setback system.

5. Discussion

The subject contract was to explore the mssibilities of the

SECO device in an artillery S & A. A great deal has been
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learned about this device 2hen used in an artillery envirrnment

from this ccntract. Several items have since been proven

I1 feasible using the, SEEM) in other munitions. *ith the co.bined

experience of these progra•- plus the continuing in-house

research and develop;-nt efforts that have been g•oing on at

| the Breed Corporation a great deal of confidence has now been

gained in the use of the SECi in cenance it•e. AlthougO

sore prcble~s were ercounteread in this first feasibility

study on the SECO applied to the N125 booster, no serious

problems appeared and the problems that did arise appear to

have been solved. The p•ncturing of the foil seal by the

wood chips, for exarple, resulted because the leads were not

asserbled into the S & A unit resulting in three large holes J-

through uhich conta.ination cculd enter. Once these holes

were closed nore of the foil seals p-nctured from this cause.

I The cne %hich did puncture uras due to the fact that the two

spin locks ucontarily released the slider which was then

free to rove since the setback pin had not been installed

in these -nits. Since the setback pin will safe the unit for

u, to a 20 foot drp cr. to a steel plate, it is unlikely that

t.e setback pin uould be ramoved as a detent during a j=-le

test. The seven foot crop. colt and vibration tests were all

successfully ;assed wivh tte _xceztien of a minor problen u'.s4r2

occurred due to tt.e. delay -etore.cr. breaking throu---h the s3 ;der



and •a• ing the slider. 1.en this section was thickened,

no such problem occurred.

During this contract icprove=ents were rade in the design

frco the canufacturaoility standpoint which should reduce the

ranufacturing costs. In production the item is expected to

be less expensive than the nou standard H125. In addition.

the size of t.e unit has been reduced belcu the standard P.125

to perz-it its use in a larger variety of projectiles.

The reliability of this S & A shculd be beitter than the

standard A125 due to the three separate explosive trains which

are present. This, it is believed, will result in the extrezely

low dud rate desired for artillery a=unition.

Perhaps the vost significant advantage of this syste_

lies in collateral savings by significantly reducing the

co:plexity needed in the rain artillery fuze. This reduction

in cocplexity further should irprove the reliability of the

entire projectile.

6. Reco=endations for Future Vork

Although it is strongly felt that the S & A that was the

product of this contract could be quickly readied for production

with the cost savings and reliability i--proverents discussed

above, It is nevertheless felt that additicnal ucrk coild te

done to iro-- :he design in tke safety area.
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The three places where it is felt that iLprove.-ents from

tTe safety standpoint could be 3tccomplished are in the foil

seal] the certrifugal weights and the setback system. Out

of work conducted concurrently vith this contract came a new

concept in fuzing called, Total I:r¢ersion Fuzing". As

Jpplied to this prcble this would involve elitir.ating the

foil seal on the SEOD and filling the entire S & A mechanism

with the appropriate fluid, then sealing the entire Mchariso

with a considerably stronger hercetic seal. All parts within

the fuze would now be imersed totally in fluid. The setback

system for exarple instead of being a SHEARELOD would now

beccze a SEOD typea device. A SPEARFLOD will selectively respond
to high acceleration pulses due to the pseuddoplasticity of the

c•npounds used. In other words, for the sare energy pulse a

S0EARFLOD will cove further ur.der a high average acceleration

than it will urnder a low accaleraticu. A SEOi, on the other

hand, selecti-ely attenuates high acceleration pulses responding

relatively =ore to low g pulses thVn to high g pulses. This

is due to t.e fact that the SEWD responds to the square root

of the applied force whereas the S .FL- responds to the

force raised to sore power greater than 1. The net effect of

this is that a SEE could be esigned not to respond to forty

foot or evcn sicnificantly hich*er drops, thus rendering the

f--'o consid.r~bly r-ore drop sa.fe.
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The spin locks or the slider also ,ould becoce SEODs

with short delays and thus will not respond to the type- of

jolt environrent which caused the twl pins to release the

slider in the jolt test described above, thus, again rc.•dering

the item considerably safer.

By sealing the entire S S A device as opposed to just

sealing the SEEM, the S I A can now be rendered resettable

so that if for any pcssible reasc, arming is initiated, then

stopped, tVhI unit will reset itself to its initial state.

Finally, the it-ersion of all parts of the S & A device

in a dar-ping fluid greatly reduces the effects of rough

handling or vibrations rendering the fuze fUr core resistant

to these types of environoents. Similarly, the imzergicn of

all parts in this fluid followed by herretically sealing the

S & A renders the item insensitive to storage under adverse %

envircrmnts and even pe•mits storage under water. In addition,

by the use of total icmersion techniques, a rchanisa can be

incl,<ed within the S & A device which checks for the presence

of fluid and renders the -;nition fail safe if fluid is not

present.

By virtue of the safety and other advantages that total

icmersion fuzing has to offer, it is therefore strongly

reco7--n•ded ,•at in additien to carrying foreard the S S A

device as -desi.--ed in this contract, ttat an additional ezfort

65

4-•



tbe started to adapt the advar~tas ,of total i-ersion fuzing

to an S S A device to replice the stardard H125.

I -
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A~pp-ndix I - T1-.:ative Specificaticrs and Purch2se Z-escripticn

1. Scote.

1.1 This specification covers one type of safety and arming

device for use uith artillery a~z nition.

( ~2. Armlicable D==tents. {?!nt avTailable at this time.)

3. Reinuirc-erents.

3.1 Sareles.

3.1.1 Fi:-st Article Azoroval Senole. (Not applicable at this tire.)

3.1.2 Suealer-ental Sazoles. (not applicable at this tize.)

3.1.3 Cc;*aeison Saoek. (Xot applicable at this time.)

3.2 Ccnstrrcticn. The &evice shall be comstructed ir accordarce

with th-e applicable drawings (B3reed Corporation No. 5-M970).

3.2-1 Fatrials- Fiaterials shall be th~ose specified by t.he

appli.:.ble drawings.

3.2.2 Dirensions and Technical :ýotas.

3.2.2.1 Listed. Those dirensior~s and technical requirezents

listcd in thee preli--inary classification of defects are zaad.tory-

3.2.2.2 Unlisted. 1T-e contractcr :;), propose chzpgees to

characteristics shc'-n on the dra~cics but not listed in the-

Classilication of DEOfecZs, for the p--rpcse of zedaptin; the

item to esta*blislred reanufacturirnq prgctices. su;ct prnorosals
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'7
mcst be acco--anied by evidence ttat the change dces not

affect the design and that all requirecenmts will be =et. If

the Goverrnent confirms the contention of the contractor, the

change will be approved fer the duration of the contract. In

case of disp-te, the characteristics of the drawi.ngs shall

apply. ;:;;roval of a change under p.Gvisions of this para-

graph d-.es rot reliev-e the contractor frc= establishing and

raintainin; an ad:.qute quality assurance progra- as elsexd-eere

required. Provisions of this paragrar-h shall not be used to

obtain apprcval for use of discrepant -- terial (i.e. produced

before approval is obtained); or for design changes. which

should be required in accordance with change provisions of the

contract docment.

3.2.2.3 Interchareeabilitv. The contractor will rot asst=e.

nor does the Gover ten. cguarantee that all possible ccebiraticns

of tolerarce permitted by the dra-ings and specifications will

cosistently satisfy the test requirerents without the possibility

of selective ass-cbly. Tberefore, the ranufacturer is obligated

to c!ose those cobinatlms of tolerarces and fits within the

licits of the specificai-ons and dravings that best suit his

process needs and still satisfy the test requirements.

3.3 Peror-.ance rmnuirer-rts. Th.e- peerforc•-.ce reqjiree.nzs

contained tzerein are r'o-

-3
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3.3.1 CG)eratina recuirernts.

3.3.1.1 ".'on-amino. The device shall rot am if spun at

1000 rpm for 10 seccnds at any t---erature fro -65F to

1609F with the safety setback pin renoved.

3.3.1.1.1 The setback pin shall not a= %d!en assezbled into

an 81 m- . vortar shell and cropped fro= 20 feet onto a steel

plate at all te-perat••es fr= -65 0F to 15SOF.

3.3.1.2 Arr-ir~c. Th-e device shell am-bt~~ 3S to E2 t-zrns

bt.en operated at any te;perature-fror -5i°F. to 1ESOF ai- at

any spin rate from 2.0•0 rpi to 30,000 rp with the safety

setback pin present and recoved.

3.3.1.2.1 The setback pin shall perit aredng of the slider

when asse;lcd into a 175 =. artillery stell and dropred

frc= 100 feet onte a steel plate at all te:peratures fro=

-659F to 1E0eF.

3.3.1.3 Ballistic fmnctionircn.

3.3.1.3.1 First article atz.cval sa•_l-. The device shall

ftwtction ro' iract with a d-=-- futze t-arhcad id-er fired frrog

a 4.2 inch cortar -Aith 6 inc.-ez-nts.

3.3.1.3.2 Lot accenta•ce. Not apolicable at this tice.

3.3.2 n-omrat,.c recrirerents. :,ot ap-olicable at this tire.

3.3.3 Envirc• r.t.al re:- ire-ents.

3.3.3.1 Ser-•rir _ea:. There shall be no escape of cas or

ev-!.eCe of fln.-id leak•ce -'en the device is initially ihZated



"to 175°r, th-n - ..1e tot ;laced in a heliu or nitrocen .-•r;er

for a cini== of 30 minutes at a mini== of 30 lbs/sq.in. gSce

pressure then ir•ersed in a water bath at 1750F :10° for C-0

seconds. The fluid used shall be colcred for this test.

3.3.3.2 Trans~ortaticn vibrat-ion. The device shall :eet t.he

require-nts specified in 3.3.1 following sujection to the

transportation vibration tests of NIL-STD 331 Test IGA.

3.3.3.3 Jolt. The device shall be safe to dispose of after

beir.g subjected to ?IL-STD 331 Test 101.

3.3.3.4 Jble. The device shall be safe to dispose of after

Sbeing s.bjected to FIL-STD 331 Test 102.

3.3.3.5 Forty foot droo. The device shall bee safe to dispose

of after being subjected to ,IL-STD 331 Test 103.

3.3.3.6 Five foot drop. The device ahall reet the requirerents

of paragraph 3.3.1 after being subjected to .IL-SMD-331 Test 111.

3.3.4 Peliability r-ouire-ents. Not applicable at this ti-e.

3.4 Wornk__shio. All parts shall be canufactured and finished

in a thoroughly icrk2inlike anr.er to insure satisfactory

functioning and durability (See mL-2550, Condition of Materials,

Parts and .sserblies).

3.4.1 Otter sr-ecial ret •rez-ents: Flot am.licable at this tire.

4. 03aai-tv -ssurar•ce Pro-isic-s.

4.1 Resr-sibilit- fcr israz::ion. Unless otherwise sec-ified

in the co•t.ract or purchase order, the s:-;plier is espc-sible

S/-5



for the ccrfor-arnce of all inspection reJire:ents as specified

herein. Except as otherwise specified in the contract or

* order, the supplier may use his own or any other facilities

4 ~suit-able 'for the performance of the inspection requl re-.nts

specified herein, unless disapproyved by the Governnent. the

Goverarent resents the right to perform any of the inspectiorn

set forth in the specification where such inspections are deered

necessary to assure supplies and services conform to prescribed

requirements.

4.11 Contractor oualitv assurance syste•. The contractor

shall provide and cainiain a quality ass=-ane syster in

coe-pliance with HlL-1-45203 and Appenoix A thereto.

4.2 Governent verificaticn. All quaiity assurance operations

perfor-sd by the contractor will Lbe subject to Governrent

verification in ccpliance with MIL-1-4520B and Appendix A

thereto.

4.3 First article av-roy-l saole. hot applicable at this tire.

4.4 Acceftarce in•sectio. Inspection shall be specified in

HIL-A-255 and in this decu•ent.

4.4.1 Lot forrtion. !-ot applicable at this tire.

4.4.2 Sanlino? :3t applicable at this tire.

4.4.3 Lot Accentance. -ct applicable at this tice.

4.4.4 Data Fecordino. Not a.plicable at this tire.

4.4.5 Classification of Defects. (Preli-irCarl)

i-S



The assebly shal1 be inspec~te by using t.. C1assification of

Defects and appropriate drawing.

4.4.5.1 Artiller_ S & A Booster Asserbiy (Drawina No. 50-9970).

Categories Defects Iethod of InsDectico

Critical Aq

1 Timer pin missing .015 Visual

101 Slider detent pin
uissing 0.15 Visual

102 Distance from top
of artillery
adapter to cover 0.65 Gage

.inor

201 Lead cujp asse=bly
crised 1.5 Visual -

4.4.5.2 A'rtillery Adaoter (Dra-iing 1No. 5089833.

Catecories D'efects 'ethod of Insoection

Critical AOL

101 Depth of cavity
.495 +.0M5 0.65 Gage

1C2 S~al cavity width
.664 +.0M4 .65 Gar-

103 Width of cavity
large .953 +.C-4 .65 Sage

Nino.•

231 Overall lee:sth
1.'V -.O1 1.5 Ga

;- 7



202 Depth of sict
.203 +.003 2.5 Gage

203 Ve-pth of usper
cavity .614 +.005 1.5 Gage

204 Counterbare 1.5 Gage

205 Vidth of grcove
.156 +.003 1.5 Gage

05 -l1 thread i.5 Gage-

207 Large thread 1.5 Gage

208 Surface finish in
cavity 1.5 Visual

4.4.5.3 Lead cun asse vly (Dravinc =. 50 M01).

Catec*ries vlefects M'-ethod of Irs-ec:icn

Critical

Minor

201 Diaater of cup
assebly 1.5 Gage_

202 Length of cup
asserbly 1.5 Gage

4.4.5.4 Lead cuo (Dra-uino No. 50-535).

Cateories Defects Nethod of insrection

Critical A'!

Firor• • •r:lno__r

7201 0. 9. of cup 1. G a

" J2 Lerh fc
.43 -.003 1.5 case



203 I.D. of cup 1.5 Gage

4.4.5.5 Pin ti--er (Drawina No. 559127).

Categories Defects retJhod of insoection

Critical

IPajo-

101 Thickness of
flat .005 rax. .65 Gage

102 Length of pin
.320 -. 005 .65 Gage

Mijnor

0I Pin srall diarter
.078 -. 003 1.5 Gagee

4.4.5.6. Cover (Drauing No. 50022).

Caticoi•es Defects VeAthed of Insopction

Critical

Pa~jor

101 Depth of groove
.049 -. 00. .55 Gage

102 Depth of groove

.089 -. 005 .65 Gage

Hinor

"201 I.ajor diameter
1.620 -. 010 1.5 Gage

202 Position of holes
1.1W) _.002 1.5 Gage

203 Width of firing
pin point
.O1 -. M07 1.5 Gage



204 Length of firing
pin .004 -.c003 1.5 Gage

205 Location. of hole
.242 =.003 1.5 Gage

4.4.5.7 Slider detent Din (Driri g o. 5••0951.

Catecories Defects Method of Inspection

Critical AOL

Pajor

101 Length of pin
.295 -. 005 .65 Gage

Hinor

201 Diazeter of pin
.155 -. 002 1.5 Gage

4.4.5.8 Slider detent oin sprina (Orainno No. 500g04).

Catecories Defects Method of In~bection

Critical

101 Lead at .195 .65 Spring tester

Hiror

201 Di.eter 1.5 Gage

4.4.5.9 Slider weicýt asse=-lv (Dravir;o No. 50rr3r.

Catecories Defects Peth• d of Inse-ction

Critical AM

201 Detonator staking 1.5 Visual

202 SECM asse-tly
staking 1.5 Yisual

1- 10



4.4.5.10 Slider weicht (Dratinc -No. 503992).

Cateqories Defects Fl.ethod of Inseection

"Critical AOL

101 Thickness .446 -. 00M .65 Gage

102 Width .950 -. 004 .65 Gage

Minor

201 Pole dia-ter
.378 4.006 1.5 Gage

202 Location of
detonator
holes .744 :t.003 1.5 Gage

203 Location of
SHEA.FLMOQ hole
.330 :.003 1.5 Gage

"204 Dia:eter of delay
detonator hole
and counterbore 1.5 Gage

205 0.o. delay deton-
ator cavity
.127 R t.03-3 1.5 Gage

206 Detonator hole
.128 +.C0,3 and
co•irterbore 1.5 GaSe

207 Depth of setback
pin hole .410
S.005 1.5 Gage

208 Thickness of
detonator h;ale
flanges .016 -. 003 1.5 Ga 0

Thickness of
Slider twei;ht.
..:05 -. 005 1.5 Gage

S1- ll



4.4.5.11 ::edified x:-.6-E3 50 milliseccnrd delay
detona:or Wrawino No. 5•910).

Catecories Detects Method of Irsvection

Critical

Major

Hiroor

201 0.D. 1.5 Gage

2G2 Length 1.5 Gage

4.4.5.12 M-55 Stab detonator (Drawna go. 5033t4).

Cate-ories Defects V',et'.od of Insoection

Critical h -

Major

Minor

201 0tside diameter 1.5 Gage

1 4.4.5.13 Slider Lead Cuo and RDX (Drawina 1No. 509103).

Categeries Defects Method of Insoection

Minor q

201 Length 1.5 Gage

4.4.5.14 PM•'-L•D ciston CDrarino ,o. 50994).

Catecories kefects Method of Insvection

Critical AQL

101 Diaret-r .092 -. M05 '.S Gage

201 Surface finish
32 r. 1.5 Visual

1-12
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202 Haximu overall
length 1.5 Gage

4.4.5.15 SVEAPFLO!, cylinder (Drawina ?Co. S09101).

Categories Defects Method of Ins-ection

Critical A

101 I.D. .65 GaGe

102 Outside diaeter 1.5 Gage

Hinor

201 Surface finish
32 r3•2 1.5 Visual

202 Lengt.h 1.5 Cage

4.4.5.16 SF•M-••!.0 retaining washer (Dranwina No. 502••5).

Catecories Defects eth.od of Inscection

Critical

Minor

201 Outside diaeter 1.5 Gage

4.4.5.17 SHE•RFLO- sorino (Dra-dna No. 505293).

Categories Defects rteth.cd of Inscection

Lritical

:Ninar

201 Load at .100 1.5 Spring tester

202 Diamter 1.5 Gage

i- 13



"4.4.5.18 SECT asseslv (orauidr No. 509tc.).

Catecories Defects Fet~iod of Inszection

Mino.._r Overall 1 eneth 1.5 Case

" 4.4.5.19 SEOD oiston asse~blv (Ora-Ana Uao. 509129).

Catecories Defects Pethod of InsD'•_ction
Critical

H4ajor

101 Stake .65 Visual

4.4.5.20 SECD Dist=n asrm-ie `b. 509125).

Categories Defects Hethod of Inscection.

Critical

S101 0. D. .2594 =.001 .65 Gage

Hinor

201 S.D.ta 126 .e 2 1.5 Gage

202 Length .195 -C055 1.5 Gage

" 4.4.5.21 Foil orificc (Draxing Ro. 50591).

1 Cete~ries Defects Fethod of Inspection
Critical AOL

Minor

201 Orifice di.. .ter 1.5 G arate r

202 eia -ter 1.5 Gage

-- 1

4...1 Foloiic Oaci•_o :99)
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4.4.5.22 Crifice foil wash•e (Dr.inc ":c; 50-?279).

Catecories Vefects tPethod of lns.-ect•on

Critical

Minor

201 O.D. 1.5 Case

4.4.5.23 SEOD cyiinder (Dra-uin *o. 523-331.

Catecories Defects rthol of Ins-ection

£ritical

101 - .66 Gage

- 201 Surface finish.
8 r-s 1.5 Visual

202 Diameter .355 +.003 1.5 Gage

203 O.D. 1.5 Gage

204 Hole cepth
.M4 +.003 1.5 Gage

205 Length -1.5 Gage

4.4.5.24 Sealing --asher iMra-dnqa~o 51-2712.

Catecories Defects *ethod of Insrcetion

Critical

251 0.9. I.5 Gage

I- 1



4.4.3.25 S54-r-: closing~ disc (Ora-tieu No. 5*2939).

Catfegories Defects !~to' ofnsvection

Critical

201 O.D. Ls5 Gage

4...5Retainirg- tra~her (Dretdro-o:o. 5DS716).

Cate~ories Befect-s et-hed cf insonection

Critical

Kajor

2031 Lvngth -.5 Gage
202 *5 !afr1.5 Cocparater

203 O.D. .35Z -AN0 15 age-

4.4.5.27 Foil disc (P-ravidng No. 503714).

Cateperies Defects ;IetW~ of Insvection

C ritical _

201 TIMckne;S 1.5 Gasee

4.4.5.28 55W9 snrino (Bra--dna ;b. S-3387C).

Cate--oe~:s icefects ~e~dof ~seto

23. Loai at .34D 1. ~ i tester



4.4.6� �Ac aic_ :ests. not -,rpliceble at this tire.

4.5 Tett ce-=dit4ons and euio-_nert.

4.5.1 Test conditicr.s. Unless otherwise specified, all masureants

are to ba rmade at norral asbient roc= condi-idns of tezperature, rel-

ative h~idity ard altitude. The following table of tolerances shall

be applied were applicable to specified test conditions unless

otherwise defined in the test prcedures:

a. Tezerature test che.er iS%

b. Pelative h~midity

c.Yibratticn anpliftde ±1Ov.

d. Shock ±IO;

e. Speed ±11

4.5.2 Insoection ec-ji.ent. Insrection eqjipent shall be in

accordanrce with tae d.sicn ievel sho-m by the applicable EL and of

sufficient accuracy and quality to pen-it perfi.rcce of the re-

quired ins;--ction. ••ae ard istrutment setting shall bee a fe.icticn

of the e-uiPcnt. and independent of the operator. Equipment shall

be =arked to irdicate the li-t of acceptancP for each test, tut

shall not be so rmrked as to reveal clas3ified security informaticn.

Test procedures and calibraticv procedures sh.all conform to UL-I-

and tlenix • t.creto.

4.6 Test •rccedus. ,ift applicable at this tize.

1"17
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5. .'reoaration for deliverv. Not appicable at this tire.

6. Notes.

6.1 Thle foregoing purchase descripticc is necessarily linited

due to Me less ihai 100 umits %hich have been cantifactu'red

to date.

-1
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:1 APPE.Mix 2

4 ~FAILLE WEE M~D EFFECTS AIMAMSIS

2.1 Introftciicn. 7hc follcming safety failure code and

iffcts-atasys~sii -il e acccrddira to p-rac-1 3.3.2

-1 of WIL-STD-332.. 'This amalysis is a systematic consideration

-of the- =-ffects-;nr fze safety of-sucktv:IU-_- se of

parts. breaking of parts. ralfw--ietton a. parts, .J cATdid

sequeence, .mplseCtiCoI precedures and pseelerrors.' -:his

is a "cr- at a time' fallhre aralysis and. dme not consider

the effc-ets cf failure of r~re than one c ~-,..a..t at a tire.
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APPENDIX 3

SAFETY STATEMENT

The artillery S & A booster assembly depicted in

Breed Corporation Drawing No. 508970 incorporates the

following safety features:

(1) SEOD constant turns to arm arming delay,

(2) two spin actuated slider detent lock pins, and,

(3) one setback integrating SHEARFLOD slider detent

lock.

The only hazardous situations: omission of one of

the critical parts or loss of SEOD fluid.

The only precautions that need be taken are to check

visually through the cover to see that the slider is in the

out-of-line position while assembling units and to check

for presence of oil leakage onto exterior parts.
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APPENDIX 4

A POW4T DETONATING ARTILLERY FUZE

41~
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A POINT DTOr- ATIrS ARTILLERY FUZE

SECTIO: 1

SLU!'4ARY

The Breed Corporation proposes to evaluate a point detonating artillery

fuze costing one-half the current standard 1557 fuze and which also contains

an icpact backup, self-destruct system that virtually assures eligination of

artillery duds.

A gearless safety and araing device is used incorporati.ng a SEOD dash-

pot for a constant distance aming and a SHEARFLOD dashpot for sensir.g set-

back acceleration. This safety and arning device was evaluated under

Contract D=A39-71-C-0001 with Harry Diazond Laboratories which resulted

from an unsalicited porposal sukritted by the Breed Corporation to the

Arrty flateriel Cocrand to apply Breed Corporation dashpots to the proble:2

of artillery dud elim-ination.

Three additional artillery fuze designs having special features but

incorporating the same safety and aming device are also presented. The

first consists of a tating of the density integrating artillery fuze nose

recently successfully tested by the Army to the dashpot safety and arming

device. The second is a sinilar catchino of a void sensing M-chanisn

recently produced by the Oreeo Corporation again with the dashpot safety

and arming device. The third consists of a special ultra-graze sensitivity

mechanism also rated to the dashpot safety ard arming device.

A two phase program is presented. Phase One consists of a three month

effort for design finalization. limited eIL-STD testing and fabrication of

50 fuzes for oroving ground testing. A set of dra~tinqs on Breed Corporation



forrmat uiil" be provided at the corclusion of this phase for each design

evaluated.

Phase Two is an-in-depth evaluation and consists of extensive HIL-STO

te.ting and fabrication, of 2.03b fuzes. Fnase Tuo requires an additionas

four months.

i!-
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SECTIlO: 2

I'TRODUCTIM

Breed Corporation p-oposes to evaluate an Artillery Point

Detonating Fuze tc replhce the 11557 uhich achieves:

" 50. cost reduction

" Pedundant self-des _-.•:ct

* Geariess safecy and' aumint -

Lower cost is achieved by incorocrating alW fuze functions in the

safety v.d armin9 device including the arming delay, delayed detmation

after i•oact and self-destruct, thus enablng substantial siiolificatien

of the front end or .M48 portion of the M,57.

Redundant self-destruct is Provided by bringirg into aligraent uoon

armipg, two delay detonators %+4&h. upon icpact, iiinoe uDpo statiorary

firing Lins initiating fifty cillisecond delayed round detonation.

The gearless safety and araing device utilizes a SEOD dashpot to

achieve the arning delay. This S I A was successfully evaluated under

Contract NJo. D!W39-71-C-0001.
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Similar to berbs, rockets. and mortars, cost artillery fuzing can

be divided into te =aanner by uhi-h the round is ýetonated. i.e. I-roxlimty,

tive or iract. As bott proxivity and tive fuzing typically cost S to IS

times icoact fuzir.g, it is estirsted that 95' of all bcab. recket, tartar

and artillery fuzing .-cduced is of the imact type.

Even under the present z'irate of redu-ced mm.ition procurerent. there

are reputedly soe 2:) xnllian i•,act or point detenatirg artillery fuzes

to be procured this ccing fiscal year at --P estirated cost of S5 to S6

each. The estivated cost for the proposed fuze is less than tWree iollars.

The S2 to $3 rer fuze savings thus anounts to a 40 to U aillion dollar

annual savings at current procuTe.nt levels.

The Arsq's standard point detonating fuze is the Y5.57. This fuze

consists of a front, ":45 oartion containing a sdcctabie. sunerquick or

delay. detonatien feature, and an T1125 arming dely assetly consisting of

a centrifugally pomered gear train clork -;.echtanisa attached to the reir of

the H~48.

ite reliability record of the 4557 is in excess of 99 on sore rounds

aild seldom falls below 95. even on ou- or fLo troeblesor- rc~ds. There

have been few, if any, safet.v proble=s attributable to the ;%57. Anqy

significant icproyenent to the 11:57 -otid thus presqably coc first in the

area of cost savircs and second an ir-roi_-ent in reliaý'Iity sr self-de.tract

and cornse-,Lmt redluction of dud roun;ds.

in 1961, the Breed Corvora--.or. cc,-enced the :!evei:'ent ,f a fa=ily

of das.pot tOii.g devices suitable for -c¢st aunition fuzing. -ne r"rbe
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of tk.is dash.ot fa-ily calleed SECO (Sharm Edge Orifice Dashpot) was evolved

spcif;caily for apalicaticn to the artillery arming delay. The basic

a-tillery SEOP dashpot consiStS of a cylinder approximately 3/3' in diazeter

and 3/4' long. herwticaliy sealed at eaC.- end and filled with a less than

10 centistoke viscosity fluid. Within the .ylinder is a piston with a

300 "icroinch clearance between ti.e viston and cylinder walls. In tke center

of the piston is contained an aporex-vate .002" diazeter orifice .002" in

ler.th, For the piston tO rove within the cylirnder the fluid mist pass fr-=

one side of the piston to the other throu4 this orifice. The piston is

biased toward one end of the c:-lincer by a light cod spring. A .001" thick

aluminum foil n-br- seals one. end of the SEOD cylinder. Upon initiation

of the arming delay a probe pierces this ,nwtrane and presses uoon the piston.

As the piston roves relative to tie cylinder, a time delay is achieved.

The fluid floca through the piston orifice is alnost wholly inertial

as the Reynolds nu•ber is cons-derably greater than one... A a consequence

viscous fcrces play an insignificant role in determining the rate of fluid

flow giving rise to a tine delay twhic. is independent of fluid viscosity

and thus te-eerature.

Due to the docinance of inertial flce, the time delay varies inversely

as the square root of the aTplied force. Eoth tecperature independence and

an arming delay varyi:-ng inversely as tne square root of the arplied force

-ire• necessary to achieve cerstant distance artillery7 amie* over th.e

required teverature range.

The SE[D ddaated t, an artilicry safety and ar-ing •S .3 A) devicc

identiczl in size and function to the "-'12'-- z] containing an addlticnal
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self-destruct 'eattre was presented to the Ar:V sev--ral years ago. This

presentatier resul~ti i Contract No. 0OAW39-71-C-000] with Harry DOlaond

Laboratorir.. Dirinj performance upon this contract :ie originally

presented se~f-destrict system was set aside in favor of an irpact backup

,ystea conceived by Harry Dia=ond Laboratories and reduced to a practical

design, tested and evaluated by Frankford Arsenal. This impact backup

systen ccnsisted of a detonator contained in a holde- which, in the

arued condition, would move forward approxir- ".ly 1/8' upon rfund iqaact

against a light bias spring.- This forward oeeent imaled the detonatrr

on a firing pin, initiating the round.

The S & A design evolved and tested dtring the HD. contract corm.sted

of a ce€trifugally aligned slider which uvon movirg to "he armed positior

aligned three 2xplosive trains, a superquick detonator on te fuze axis and

to 50 millisecord delay detonators, one either side of the suoart•ick

detonator containing the HI. iepact backup systen. A SEOD dashpot incorporated

in the slider assured the desired ar2ing distance before detonator aligrmnt.

The slider also contained tuo centrifugal locks pl.s a drop safe, SFWPFLCO

daslpat, setback acceleration sensor.

It was the successfully achieved object rf the HD. contiractual effort,

for UP S 9 A evolved to be an exact replaces•ent fo, the !4125, at a lesser coOi

and with the added feature of a reduadant, 50 millisecond delay, self-destruct

syste&. Used as an RIZ5 repiacenent, the center sLpernuick detonator Picks up

the exclosi-e outvut fro= tVe M•48 or dry standard electronic or rechanical

time fuzc, initiating the round. Sto-jld zte "'8, electror.ic or rechlanical

Oine fuze fail, the tuo 50 rilsiseccrd dclay, imact initiated, detonators
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rove forward at impact striking firing pins casing round detonati,.

Since the artillery fuze functions of ar:ing delay, delayed detonation

after imact. and sel'-destruct backup are all contained in tte SEOD S & A,

a substantial %imlification of the "48 poi-ion of the 11557 is possible.

This simlification with its ettendent coct savings is the rieary subject

of this proposal.

In addition to an -xact functional equivalent to the P657 other bact-

groun," work has been used to provide, three additional 'front end Pechanisms

*-o Provide a co-lete feely of point detonating artillery fuzes utilizing

the 'zasic SEuD dashpot S I A.

In r.cent years the Arwy nas success'ully teste.d a density integrating

fuze nose which will penetrate without initiation, thickly foliaged targets

detonating only L-.:n striking the target or ground. In this proposal the

Amy design has been adap!f- to the dashpot 5 4 A.

The Breed Corporation during the last year bas participated in work

to evolve a void sensing fuze as an alternate to oelayed detonation. The

results of thls •--ork have beer incor-orated as a void sensinq rodule v.>ich

has also been adated to the basic dashpot S L A.

Finally, the Breed Corporation has utilized its fluid techpoloW

capabilities to evolve an u3tra-Sraze sensitive fuze where graze initiation

at iruact angles of aoproxi-steiy 13 is achievable. Thi. frrit end module

has also ee-n adapted to tt-e basic dashpot S t A.
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ORGRUIZATIORAL EXPERIE ICE

Breed Corporation was founded in 1961 by its current president,

Allen Breed. Following attendance in California !-stitute of

Technolo3y and tie University of Illinois, he received a B.S. degree

from tNorthwettern University in 1950. "oining with RCA, he progressed

from mnaqer of oanufacturing and design of the RCA electron tube manu-

facturing and design of the RCA electron tube manufacturing plant in

Cincinnati, OUio. to director of engineering. Precision Products Division

of the Gruen Hatch Cocpany. In 1957 he began the Ua.ham Engineering

Corporatirn which becam the PEDM Corporation of which he was president.

Much of this experience focused on the problem of applying various

methods of time delaj to militar/ fuzes. In L161 the Breed Corporation

first established the theory and basic umputer progra= that nade

possible the ordrance use of time delay devices operating on the principles

of fluid d~naWce. The successful develonaent of fluid timers has added

a new class of ti-ing mechanism that can be useu. with confidence by fuze

designers at a fraction of present fuze costs.

The initial theoretical and cocouter work was done by David S. Breed. Ph.D.,

rnw a vice president and director of research. le holds an A.B. degree frM

Carleton College, a BS. . and two M.S. degrees from Passachusetts Institute

of Technology and a Ph.D. fro= Coltxbia University.

Ted Thuer., cxccuti-e vice- president and director of engineering, is

a recognized expert in b.,th rorduct and at--atic e-,uip-nt design and has
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evolved rore than sixty fuze designs since joinin; the Bread Corporation

in 1962. Pe is tNom-egian born and educated, receiving an engineering

degree in 1956 prior to coming to the United States.

f.e Breed Corporation's pernanent professional staff has been care-

fully selected from aen of outstandirng, recognized ability in the fields

of time ceasurerent and precision manufacture. All executive personnel

and key engineering and technical personnel .old secret security

clearances and the main plant %as a secret facility clearance.

Modern research and productio- facilities at a new plant in

Fairfield, N8ew Jersey, inciude:

An advanced digital ccaputer for control of autcsated

fabrication, design analyses. quality instectirr. and

data acquisition;

clean-rooe facilities filtered t7 0.5 v-cron partsc;e

remval (class 100). aisuring dependable product

perfrnma e h-hen tolerances are in the order of

~ln'~ of an inch;

Sadc and toow shops for construction of experinental com•h-ents

&7d tooling for precise, careful fab•rication of prototVpes and

production I

- -ray, centv'!,,._ dý. other specifically designed non-destrz-tive

inspection and analy-is equipment.
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Explosive loading and storage facilities in accordance with

Department of Defense safety regulations and New Jersey state

law.

The renainder of our 22,000 square feet is occupied by our design,

laboratory and production equipment. The cain plant is augmented by

explosive and sub-tropical environvental test areas.
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SECTIOM 5

PROGRAH OBJECT1.S

The objectives of the subject program are-:

To provid a general purpose point detonating artillery fuze

at one-half the cost of xhe current standard -557

"To provide a redundant iract backup, self-destrnct feature

to virtually eliminate artillery duds

To provide a point detonating artillery fze which does not

relay upon the manufacturing facilities of the horological

industry

To provide three additional artillery point detor.ating fuzes

utilizing the sane S & A device for the special target require-

ments of canopy penetratic.% void sensing initiation for the

defeat of bukers and extrere graze sensitivity for tanK gun

amnition fuzing.



412

SECr0IM 6

TECH.4ICAL DISCUSSIG

6.1 Design Sugary

A family of four point detonating artillery fuzus is herein described.

All four fuzes cont?.in the same basic SEOD dashpot safety and arming

device incorporating a redundant, 50 millisecond delay, self-destruct

system which was evolved and successfully evaluated under Harry Diamond

Laboratorees Contract Uo. DAG39-71-C-M001. this S & A (See photograph

page 13) contains a slider which is urged into the aligned position by

round spin and is delayed in attaining the armed position by a SEOD dash-

pot in such a manner as to result in approxicate constant distanrc. arming.

A d.-op safe SHEAWLOD dashpot mst sense setback before the arming

delay is permitted to coance. Two additional centrifugal locks cn the

slider are also p-ovided. Three explosive trains are contained in the

slider - a superquick detonator on the fuze axis pius bm delay detonators

configured in such a manner that upon round i;=act they cve forwid

approxirately 1/8' striking firing pins. Thus, round detonation is assured

50 milliseconds after inpact, contingent only upon the slider reaching

the ar•ed position. The superquick detonator on the fuze axis can be

iaitiated either by a fi-ing pin or an explosive output from ithe front end

portion of the fuze.

Breed drawing .o. 5Y9093 depicts the SECO S & A sodule rhich has

bee.. rated to four separate point detonating artillery fuze designs in this



proposal. Fr,r detailed test results of this S & A perforsarce the orogress

and final reports of Co:,tract 0AAG39-71-C-0001 (Harry Diamond Laboratories)

should be consulted. A Frenkford Arsenal Report Nio. #1958 contains a

detailed evaluation of the iapact backup detonation initiation system.

6.2 M557 Equivalent Plus Redundant Self-destruct

By ipcorporating all fuze functions in the dashpot safety and arsing

device, the front end or 1448 portion of the r557 need consist of nothing

more than a firing pin which strikes the center detonator in the S & A for

superquick functioning and a mans for preventing this action for delay

detonation. A suitable design is dep'cted in Sreed Drawing flo. 5091.22.

Supeerquick or delayed detonation is achieved by d 900 turn of a slotted

bushing in a canner identical to the IM57. Turning the bushing to the

superquick setting pernits round spin to remo-fe a pnysical barrier which

otherwise prevents rearward movement of the firing pin. A dee.y setting

inaibits removal of this same barrier thereby rreventing the firing pin

frow striking the deton~tcr upon izat The two delay detonators con-

tained in the S & A slider alhiys assure round initiation 50 milliseconds

after irpact if round detonation %as not already occurred.

Referring to dr-inirg 4o. 50912?. th? basic s~ructura member of the

fuze is a tu;'ned steel body which contair. the threads for assembly to the

round. The dash.ot S & A oechanism is inserted into the rear of the body

foli|ureed by the tooster tchich is either staked or screwed onto tne body.

For--ar t, f the S & A mechanis= is a neav- ,portion of the body t..,icn servtr.



to provide maxiln protection to the S & A at icract when set for delay,

A sheetrsetal ogive containing a low density plastic filler is secured to

the front of the body in such a manner as to give maximm grare sensi-

tivity. Reardar- roverient of this ogive at ..wact forcLs the firing pin

into ti-o a-igned S & A superquick detonator initiating the round. Wien

set for delay the interrupter acts as a Pi.ysical barrier to the rnanrard

coveent of the firing pin. As aiways. hode--er, Ushe two delay detonators

move foenard at iepact %triking their resolctive firing pins and thus

initiating the round SO -illiseconds after irpact.

6.3 Artillery Point Deto-atirg Fuze with Density Integrating 4•ose

Drawing No. 509138 depicts a point detonating artillery fuze containing

a density integrating nose. A similar ,cse design has recently beeen repofte

to have enabled the firing of artillery throu;1 jungle acanopy with round

"detonation not occurring until ground iSact. The f,:ze construction selected

in this case invoives a one piece body cnive design to provide a- suitatle

support for the density integrating nose. A superquick or delay setting has

been provided sicilar to the p557. -n ta'.s instance a delay settirg inhibits

the resoval of the interrarTter with round spin, thereby block th._ 0"1'ut

from the detonator contained in the density integrating nose frca reaching

the :enter detonator in the S & A. The round is consegu.nty dfEtt.nated by

Ute tLo, 50 oi!liseccnd delay;, detonators mc.yirn fcauard ai-ainst tneir

respicrtive firin3 pins at round iroact.

A •t•re-rcuici settina periits the interruvter to rove radially c•tuard.

urd€r r•und sprn Ltereby enabling the cutout of the_ nose detonator to
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initiate the S & A superquick detonator ipon groand izpact.

6.4 A Void Sensing Point Detznmatng Artillery Fuze with a Superquick Option

Drawing No. E09141 depicts a fuze shich is settable fro& the front

end 'or either superquick or void sensing detonation. With either setting

the backup delay detonators in the S & A will cause round Initiation 50

williseconds after initial iMact if initiation has not already occurred.

When net for void sensing d.'cnation, the firing pin mass noves

forward coqpressing the firing pin spring upon round irpact permitting the

lock wire to sprin, outward intu the unlock position. The firing oin mass

and .iring pin reirn in thIs foroard pos'iion until round deceleraticn ceases

whereupon the firing pin spring p-opels both. the firing pin and firing oin

mass into the center, superjuick deto,,itor contained in the S & A. RCound

detonation thus occurs eit ter -. hen the round c:es to rest or when the

projectile enters ai interior void after ".:sing thrcJgh a barrier. e. g. a

burker. Wlen set for vo~d initiation the keying arrangee~nt between the

setting bus'hing and firing pin permits both rearward cove•_nt of the tose

portion of the fuze and forward moverent of the firing pin at impact without

interference.

When set for suwerquick furctior.ing, the keying arrangement between the

firing :in and setting bushing causes the firing pin to be pished directly

into the 5 & A center detonator as the nose portion of the fuze Is •ved

,narvard up-n target iepict. To rinimize inertial forces restricting this

rearjard f~rinq pin rove-ent. the firing pin breaks free of the firing pin

mass through rupturing of the firing pin to firing pin rass staking. This



.7- 17

coplete void sensing system has been successfully evaluated on the 2.75'

rocket muni tion..

6.5 A Foint Detonating Ultra-graze Sensitive Fuze

Drawing No. 509157 depicts a point detonating artillery fu7e settable

for either superquick or Mlay detonation and containing in addition an

ultra-graze sensitive sealed nodule which operates wA-.n the fuze is set

for suoerquick. The sealed zodu'le is a cylinder approximately 3/4' in

diameter and 14' lona which is completely filled *itV a thin liquid. Con-

tained with the completely filled sealed cylinder is a firing pin and an

Inrrtial mass which upor any desired deceleration will move forward re-

leasi.-g the firing pin to be propelled through a thin foil seal into the

S i A center detonator. The inertial mass is supported within a cy.lind•r

on a special bearing oad acrangemnt such that the coefficient of friction

between the wm members is .001. This arrangent effectively eliminates

any frictional - drag on the forward movement of the inertial mass upon

graze impact caused by the transverse, isoact acceleration, cozinenpt. The

axial deceleration -e-_cessary to cause round detoration can therefore be s!t

as close to 1 g as ftired without concern fr=• frictional affects cassed

by transierse accelerations. This mechanism contains its own spin sensing

system uhich locks the graze sensing =ass until the round is deployed.

Shou-d the round strike the nose portion of the fuze, rearward move-

;ent of an extension of this nose vortion breaks through the sealed c.•n

irz)nging u.cn and forcing the fiving pin directly into the S Z A center

detona.or.



In the delay settini, operation is similar to the IGS7 equivalent

wherein a physical barrier remins in between the firing pin and center

detonator thus permitting the two delay detonators with the 5 £ A to

cause round initiation.
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SECTION 7

PrOGRAI PLAN

A two ohase developoent program is proposed for the evaluation of

a poilrt detonating artillery fuze suitable as an M557 replacement.

Phase 1 Is an initia' feasibility phase to permit a preliminarj evaluation

to be made. Phase 2 is properly termed advanced develoomn*.

7.1 Phase 1
The initial pbase consists of enmirneein., design, fabrication, irmited

MIL-STD testing with f:nal delivery of 5O fuzes for A"y evAuation.

A set of arawings on Breed Cornoration foi-at .ll be deliverea tt thy

completion of the piae. TV- effort will censist of seven task. o-d be

completed in three months.

Tak 1 - Design Finalization

Task 2 - Centrifuge Evaluatirn of Ar•ing

Task 3 - Explosive Out-of-lirne .rd in-line Propagation Tests

Task 4 - jolt - J ble Tests (MIL-STD-331 Tests 10;-10Z)

Task 5 - Five foct Drop Tests (HIfL-STD-331 Test 111)

Task 6 - Forty fooL .',op Tests (MlL-STD-331 Test 103)

Task 7 - rabrication and Delitery of 50 Fuzes for Army Evaluation

7.2 Phase 2

The second phase constitutes the advanced developwent phase and

consists of contai•ned engineerinj, redesign, extensive MIL-STD testing
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and fabrication and delivery of 2000 fuzes for Ar'y evalu-ation. A revised

sLt of drawings on Breed Corporation format will be delivered at the

completion of this four month ohase.

The effort consists of seven tasks:

Tasi I - Design Firalization

Task 2 - Centrifuge Evaluation of Arein3

Task 3 - Explosive Propagation Tests

Task 4 - Jolt - Jucble Tests (iIL-STD-331 T, •ts 101-102)

Task 5 - Temperature and Phuidity jNIL-STD-331 Test 105)

Task 6 - Transportation. Vibration, Procedure II Cycling

Method (MIL-STD-331 Test 104)

Task 7 - Fabrication and delivery, of 2000 fuzes for Army

evaluation
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SECTION 8

CONCLUSION~

For over three decades -ne U. S. Artillery point detonating fuzt

re;uirements have been sati.;fied by the 1557 and predecessor fuzes very

similar in design. All have essentially relied upon clockeork mechanism

to provide the ndng delay, a pyro: ,.nique_ delay element in th. front

portion of the fuze to provide delayed detonation after icact and a

firing pin-detonator in the fuze nose which, for !uperquick operation,

flashes back through an uninterrupted channel initt•ting a detorator in

the S & A mechanism. For delayed -uncticning this chans., is blocked therby

resulting in initiation of the S & A detcntor by the front end. pyrotechnique

delay eleicnt.

This basic ccnfiguration has been improved and re•i•ed over the years

to the point where ftazzs produced in the last fetr years have a very enviable

reliability and safety record. Recently to handle special target situations.

diffe•c.t front end P.D. fuze desigrs have been izded to the basic clockwork

S & A mchanism to provide canopy Denetration, void sensing for the. defeat

of bunkers and better graze sensitiv~ty. There also have been several new

S & A .echaniszs which, however, have all continued to use clockwo-t gears

and pinions to achieve the ar=ing delay. The object of these new S & A

designs has primarily been the adaptation of newer mnufacturing techniques

for the fabrication of .:-:'cb parts, plus the utilization of designs

i4ch were more readily adaptable to automated assemly.

The single exception not involving clockwork in the 3rtillery S & A

field has been Breed Corporation's SEOD daihpot which was oresent.d to the
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Amwy Materiel Conmand and successfully evaluated by Harry Diamnd '.aboratories

under Contract No. rAM39-71-C-COO1. In addition to providing a substantially

sller and less costly aming delay device. the small size of the SEOD dash-

pot pirmitted the in.usion -f a redundant, SO millisecond delay, inpact

back.,•. self-destrruct systes vius an improved setback ser,-tng device, all

in the sa volure as occupded by the M125 conventioral clockwork S & A.

The subject of this proposal is the adaptation of th.is proven, artillery

S & A module to. first of all, the high volume P-557 fuze requiremnt which

would t.esreby result in a 4G to rO villion dollar annual savings at current

procurerent leve-ls. This proprial also incluoes designs for the adaptation

of this basic S & A nodule to three additional point detonating artillery

fazes for the special target situations previously venticned. In all four

designs, the substantial fuze simlification and consequent significant cost

savings results from the basic simplicity of a SEOD dashpot delay over

clockwork vechanis= and by the inclusion within the S & A of the additional

function of delayed detonation.

Finally, and perhaps nost significant Nf all, has been the inclusion

of a two channel, redundant, self-destruct system in the S & A uhich

should assure the virtual elimination of artillery duds.



APPENDIX 5

Arti Iary Booster Assebly (Safety Adapter)

Safety and Arming Device including Self-destruct
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Artillery B1ooster Assembly (Safety Adapter)
Safety and Armingf Device Including Self-Destruct

Gentra I

Thil subjccL fuze is a rurther extension of Breed Corporation's "Fluid
Dynamic Timer" technology to the artillery safety and arming mechanism
field. Two separate fluid flow cimers are utilized, one a Sharp Edge
Orifice Dashpot "SEOD" for the arming delay and a Liquid Annular Orifice
Daslipot "LAOT" for the delayed self-destruct "clean up" should the pri-
mary fuze fail. This safeLy and arming device also incorporates dual
environmental sensing to initiate arming (setback and spin) and is inter-
changeable with the current standard .1125 booster assembly or the similar
SafeLy Adapter.

The Armitm Timer "SEOD"

To ach•eve constant distance arming for any given artillery piece from
minim.um.: charge to maximurt .harge and thus varying bore velocities, the
centrifugall:: powered, arming delay timer, must cause arming to occur
as'an inverse, square root function of the applied force. For example,
a doubling of th. linear velocity should cause the arming timer to permit
armin; in ou•e-half the time to result in the same arming distance. Now-
ever, doubling the linear velocity also doubles the rotational velocity
(spin) which in turn causes a four fold increase in the centrifugal forces
po,..crin- the arming delay timer. Therefore, the arming timer must operate
as the inverse square root of the applied force (1/V-4 = 1/2) if the same
arming distance is'to be achieved.

In the field of fluid restrictors, the sharp edge orifice permits a volume
flow rate as the square root of the upstream pressure.

Another consideration is an arming delay relatively insensitive to
temperatures over the -65OF to +1600 F range.

Fortunately, in predominantly inertial fluid flow, the fluid viscosity
becomes a second order affect. Thus by appropriate selection of fluid
velocity, orifice type and size, and upstream pressure, it is possible
to achieve a flow rate tiat varies as .he square root of the upstream
pressure and is relatively temperature Insensitive.

Best Available Copy
Use or disclosure of proposal data is subject to the restriction
on the title page of this proposal.



A thir cn . iterj-tion is a suitaible seal betw~vi piSton and cylin,.~r
Lo :!ereb, insur, a~ prinary, fluid flow throu-1: tat- shmarp .. eoiiu
Z-ree% :cneri,:t-_ wiG. its anaulsr orifice dastbpoz-%

as.i:: :cw. cot zccur.ize ls pistons and cylinders dictate-d the
seIecto.. of a cl: peiio,~ose fit, herveen. ptston and cyl'n-er
to asý,t:r. tile proper lIov naL:..

rirvall-y. as r..r tioenai ve~ocitjes vary by a factor of ten in conventional
artillery thus zausin; a ten squared or one hundred times variati-on in
the tira-r urivin; force. conr.ideration had to be given to the strength
of the di.L~pot conponcats.

The SII) prescntzd in thic sulijqct fuze h-as been beach tcbrsed and found
to operatc sati fa'tonily over the. range of driving forces that ivold
be e..c^-unter,:d byLithe subject fuze :- well as at the tenperature
extreires (-5 to +lgeir).

The- Sel:-iestrucz Tiner -LAOD"

Breed Corporation's LAW uses pressure fluid fl1ow between a spherical

piscon and a &lass cylinder. As the piston is forced thrcugh the
cyliner. fl.;id flowz betuezn p.iston and cF!.inder necessary to pernit
piston nzovexen-t ;ives rise to A~ time delay. Temperature con ensat on
i; achieesd-c by using the differential expansion between piston and

-cya.nder to change the annular orifice or clearance sufficiently to
=ach the fluid viscesit:: change and thus nain~ain a ccnstant flov:rite.

-Tn'delavs !or t.;ree-sixtcenth mnci piston travel in, a one-eighth i~
bore, r les:z nseodtovroeeraeaalbe 1rth

prizary fuze.

Ar-n.nc lnitiation

* The aea-ing pin =;:st nave in a direction parallel with the fuze axis to
unlock the.c sli~der. This reary.wrd =oven-en- is caused by setback. Once
in a frez lgt spin is used to both hold the arninr; pin in the **unlock**
position as well as force the slid4er against the Si;ý arzin; tinoer.
in'ttatin t he zar.nin delav. Thus, dual enviroonrental sensing i.e..
setback and spin. is necessar-y to cause arning.

Self-eestruct Tine Delav initiation

liovenen.t of the slider intc the arn-ed position, in addition to aligning
the =aini eXplosive tra~n ,An thus% enablin; the riavfuze to initizte
the rournd at the proper point or ti=:e, also renoves t ball dcztent on

Ulse or disclosure of proposal data is subject to the restrfct',a
On the title page of this proposal.



the scif-.-zruct tin.er ar~d aligns an ev-'osivc lead to cooplete
.. se~f-d,,truct exp~osive train. After a five to fifteen =in~ute de-

]1.wauain4 a J.:d vri=-krv fuze, a Stab) detonator is initiated in the

selfde~tu~Lunit. andý t.e expiosioa propagates to the =ain booster
lead initiating the round.

* ?roducibiiitv

.. eSeb'jkC fuze ias been designed around standar6. !-igh voltv-e. low
* ~COSt zJnutzcturing =ethods such as aie castings. plastic =oldings,
* purnc press stanpIn;- anm extrusioas and screw =achine parts The dash-

pot eom;ornents arc sinilari:: econoaicallr :mass prc'ecea on ~lass shrinking
and besjrin.k bZll anuiacruring equipgnent. in spite of the idditional
fe-azures of-ered by th-e szbject fuze ovser the current standard booster
assenbly amd s..fcty adapter, tns nanufacturin, .. st is expected to be'

Use or lisclosure of proposal data is sub~ject to the restrictiou
cathe :itle page of this proposal.
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APPENDIX 6

DRAWINGS

(Partial)
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